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TMS 2147 ROMs EPROMs 
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PART !— ALTERNATE VENDOR PART NUMBERING (EXAMPLES) 


TEXAS INSTRUMENTS (TI) 





EXAMPLE: .IIMS 40L44 —20 es 













TI MOS Prefix Speed Range Temperature Range 








Max Access J Cerpak L Octo 70°C 
—15 150 ns JD Side Braze 
—20 200 ns N Plastic Dip 
—25 250ns ° 
—30 300 ns 
—35 350 ns 
Unique Product Identification Number* —A5 450 ns 
* L indicates low power 
ADVANCED MICRO DEVICES (AMD) 
AM L 01 A 






Speed Range 









91 
Type Memory 





A 500ns 
90 DRAM B 400ns 
91 SRAM C 300ns 
92 ROM D 250ns 
17/27 EPROM E 200ns 
15/28 Shift Register 


AMERICAN MICROSYSTEMS, INC. (AMI) 


S 2114 A 









Standard Device Prefix 





—3 Fastest 


*Can also be “’L”’, usually indicates lower power and/or improved speed 
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ELECTRONIC ARRAYS, INC (EA) 


EA 8308 








27XX_ EPROM 
Other ROM 
EMM/SEMI 
4014 A 
Speed Range 
A Slow 
B Fast 
FAIRCHILD 
F 21L02 —A 








Fairchild Prefix (May be Omitted) Speed Range 
~1 (or A) Slowest 
—2 (or B) 
-3 
—4 
—5 Fastest 
*Inclusion of an “L” indicates lower power version 
FUJITSU 
MB 8224 h 
MB Fujitsu Prefix N Slowest 
MBM Industry Standard Prefix E 
H 
Y Fastest 
16 TEXAS INSTRUMENTS 
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HITACHI 
HM 
HMA RAN 
HN ROM 
INTEL 
2102 





INTERSIL/AMS 


IM7 


MOS Memory Prefix 


Device Number 


4704 








-4 Slowest 


A b -2 








—1 Fastest 
| -2 
-3 
—4 
—5 Slowest 


114 L =2 


Speed Range 


—1({-—11) Fastest 





Low Power Version 








—2(-12) 
=3 
—4 Slowest 
MOSTEK 
MK 4096 
~ 
Max Access 
; . —55 55 ns 
—70 70 ns 
—1 120 ns 
9 150 ns 
—3 200 ns (550ns for ROMs) 
—4 250 ns 
—16 300 ns 
—11 350 ns 
—6 = 400 ns 
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MOTOROLA 


MCM 6604 AC 15 














Max Access 
—2 (—15) 150 ns 
—3 (—20) 200 ns 
—4(—25) 250 ns 
—5 (—30) 300 ns 
—11 350 ns 
—6 (—45) 450 ns 
* Inclusion of an “L” indicates low power version 
NATIONAL SEMICONDUCTOR 
MM 5280 
NIPPON ELECTRIC CORPORATION (NEC) 
PD 411 —1 









MOS Prefix 
Max Access 
—1 250 ns 
-3 150 ns 
—4 135 ns (DRAMs) 
450 ns (SRAMs) 
SIGNETICS 
2660 -3 

-3 Fastest 

—1 

—2 Slowest 
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SYNERTEK 
SY 2114 L 
TOSHIBA 


TMM 2147 —3 | 
Max Access 
—1 Fastest 
—2 
—3 
—4 


—5 Slowest 
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PART Il — SECOND SOURCES* 


* Based on available published data. (Official second sourcing agreements not necessarily implied.) 
All devices listed operate over the O’C to 70°C temperature range. 


DYNAMIC RAMS 
= 





16K X 1 


STATIC RAMS 


Second Sources Fairchild 


8K X1 Left Array (0), Right Array (1) Tl 
Second Sources Mostek 


TI 


Fujitsu 
Hitachi 
Intel 
Intersil 
ITT 
Mostek 
Motorola 
National 
NEC 


TMS 4108-20 NLO or NL1 
MK 4108-40 or 41 
TMS 4116 

F 16K 

MB 8116 

HM 4716 

2117 

IM 7116 

4116 

MK 4116 

MCM 4116 

MM 5290 

uPD 416 






Toshiba TMM 416 
64K X 1 5V TI TMS 4164 
Second Sources Motorola MCM 6664 


Mee eS steers es ied VENDOR PART NUMBER 


20 


Max Access = 150 ns 


Second Sources Intersil 


Max Access > 150 ns 
Second Sources AMD 


Max Access > 55 ns 
Second Sources AMD 


Tl 


National SC 
Tl 


AMI 
EMM/SEMI 
Fujitsu 
Hitachi 
Intel 
Intersil 
National SC 
NEC 
Synertek 
Tl 


AMI 

Fujitsu 
Hitachi 
Intel 
Mostek 
Motorola 
National SC 
NEC 
Toshiba 
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TMS 4044/TMS 40L44 
IM 7141/IM 7141L 
MM 5257/MM 5257L 
TMS 2114/TMS 2114L 
AM 9114/AM 91L14 
$2114/S2114L/S2114A 
2114 

MB 8114 


"HM 472114 


2114/2114L 

IM 7114/1M 7114L 
MM 2114/MM 2114L 
PD 2114L 

SY 2114/SY 2114L 
TMS 2147/TMS 21L47 
AM 9147 

$2147 

MBM 2147 

HM 6147/HM 6147L 
2147/2147L 

MK 2147 

MCM 2147 

MM 2147 

uPD 4104 

TMM 2147 
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STATIC RAMS (continued) 
enor SSCS NBER Cd 


1K X8 Max Access 450 ns TI TMS 4008 
Second Sources Anticipated in 1980 
Max Access = 150 ns Tl TMS 4016 
Second Sources Toshiba TC 5516P 


EPROMS | 
VENDOR PARTNUMBER 


1K X8 Max Access 350 ns/450 ns Ti TMS 2708/TMS 27L08 
3 Supply Second Sources AMD AM 2708 
EA EA 2708 
Fairchild 2708 
Fujitsu MB 8518H 
Hitachi HN 462708 
Intel 2708/2708L 
Motorola MCM 2708 
National SC MM 2708 
Signetics 2708 


1K X8 Max Access > 250 ns Tl TMS 2508 
1K X8 Max Access 450 ns Tl TMS 2758 
5V Second Sources intel 2758 
2K X8 Max Access 450 ns TI TMS 2716 
Ti 


2K X8 Max Access 350 ns/450 ns TMS 2516 
5V Second Sources AMD 2716 

AMI $4716 
Fujitsu | MBM 2716 
Hitachi HN 462716 
Intel 2716 
Mostek MK 2716 
Motorola MCM 2716A 
National MM 2716 
NEC uPD 2716 
Signetics . 2716 
Synertek SY 2716 
Toshiba TMM 323 


4K X8 Max Access 450 ns Tl TMS 2532/TMS 25L32 
Second Sources Hitachi HN 462732 
Motorola MCM 2532 
Max Access 450 ns TI TMS 2564 
5V Second Sources Anticipated in 1980 
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MOS TMS 4108 NL 
LSI 8,192-BIT DYNAMIC RANDOM-ACCESS MEMORY 


AUGUST 1979 





e 8,192 X 1 Organization 
; 16-PIN PLASTIC 
e 10% Tolerance on All Supplies DUAL-IN-LINE PACKAGE 








e All Inputs Including Clocks TT L-Compatible OP VIEW) 
ie ; : . 
Unlatched Three-State Fully TTL-Compatible Ves 16 Vss 
Output 
2 AS 
© 3 Performance Ranges: 2 i “ERS 
ACCESS ACCESS READ READ, Ww 3 144 #@Q 
TIME TIME OR MODIFY- —_ 
ROW COLUMN WRITE WRITEt RAS 4 13. AG 
ADDRESS ADDRESS’ CYCLE CYCLE 
(MAX) (MAX) (MIN) (MIN) ao 5 12, AS 
TMS 4108-15 150 ns 100 ns 375 ns 375 ns A2 6 11 AG 
TMS 4108-20 200 ns 135 ns 375 ns 375 ns 
TMS 4108-25 250 ns 165 ns 410 ns 515 ns Al 7 10 AS 
@ - i j 
Page-Mode Operation for Faster Access Time Yop 8 9 Voc 
¢ Common I/O Capability with “Early Write’ 
Feature 
e Low-Power Dissipation 
— Operating. . . 462 mW (max) EIN NOMENCEATURE 
a Standby 2 20 mW (max) Address Inputs Write Enable 
‘ ae Column address strobe —5-V power supply 
© 1-T Cell Design, N-Channel Silicon-Gate Baan 
Technolo ata inpu +6-V power supply 
gy Data output +12-V power supply 
0 16-Pin 300-Mil (7,62 mm) Package Configuration Row address strobe 0 V ground 
description 


The TMS 4108 series is composed of monolithic high-speed Dynamic 8,192-bit MOS random-access memories organized 
as 8,192 one-bit words and employing single-transistor storage cells and N-channel silicon-gate technology. 


All input and outputs are compatible with Series 74 TTL circuits including clocks, Row Address Strobe (RAS or R), 
and Column Address Strobe (CAS or C). All address Jines (AO through A6) and the data input (D) are latched on chip 
to simplify system design. Data out (Q) is unlatched to allow greater system flexibility. 


Typical power dissipation is less than 350 milliwatts active and 6 milliwatts during standby (Vcc is not required during 
standby operation). To retain data, only 10 milliwatts average power is required which includes the power consumed to 
refresh the contents of the memory. 


There are two array-select versions of the TMS 4108, each offered in the three speed ranges indicated above and in plastic 
(NL suffix) packaging only. The left-array version is indicated by “0” following the type number (e.g., TMS 4108-15 NLO), 
and the right-array version is indicated by ‘1’ (e.g., TMS 4108-25 NL1}. Each 8K X 1 version is in a 16-pin dual-in-line 
package rated for operation from 0°C to 70°C. 


operation 
address (AO through A6) 


Thirteen address bits are required to decode 1 of 8,192 storage cell locations. Seven row-address bits are set up on pins 
AO through A6 and latched onto the chip by the row-address strobe (RAS). Then the seven column-address bits are set 
up on pins AO through A6 and latched onto the chip by the column-address strobe (CAS). If the type number is 
followed by a ‘0’, then column address input AO must always be at Vj_; if it is followed by a 1’, column address AO 
must always be at Vj}. All addresses must be stable on or before the falling edges of RAS and CAS. RAS is similar to 
a chip enable in that it activates the sense amplifiers as well as the row decoder. CAS is used as a chip select activating 
the column decoder and the input and output buffers. 


TThe term “‘read-write cycle’ is sometimes used as an alternative title to ‘“‘read-modify-write cycle’. 
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write enable (W) 


The read or write mode is selected through the write enable (W) input. A logic high on the W input selects the read 
mode, and a logic low selects the write mode. The write enable terminal can be driven from standard TTL circuits 
without a pull-up resistor. The data input is disabled when the read mode is selected. When W goes low prior to CAS, 
data-out will remain in the high-impedance state for the entire cycle permitting common {/O operation. 


data-in (D) 


Data is written during a write or read-modify write cycle. The latter falling edge of CAS or W strobes data into the 
on-chip data latch. This latch can be driven from standard TTL circuits without a pull-up resistor. In an early write 
cycle W is brought low prior to CAS, and the data is strobed in by CAS with setup and hold times referenced to this 
signal. In a delayed write or read-modify write cycle, CAS will already be low, thus the data will be strobed in by W 
with setup and hold times referenced to this signal. 


data-out (Q) 


The three-state output buffer provides direct TTL compatibility (no pull-up resistor required) with a fan-out of two 
Series 74 TTL loads. Data-out is the same polarity as data-in. The output is in the high-impedance (floating) state until 
CAS is brought low. In a read cycle the output goes active after the enable time interval ta(C) that begins with the 
negative transition of CAS as long as ta(R) is satisfied. The output becomes valid after the access time has elapsed and 
remains valid while CAS is low; CAS going high returns it to a high-impedance state. In an early write cycle, the output 
is always in the high-impedance state. In a delayed write or read-modify-write cycle, the output will follow the 
sequence for the read cycle. 


refresh 


A refresh operation must be performed at least every two milliseconds to retain data. Since the output buffer is in the 
high-impedance state unless CAS is applied, the RAS-only refresh sequence avoids any output during refresh. Strobing 
each of the 128 row addresses (AO through AG) with RAS causes all bits in each row to be refreshed. CAS remains high 
(inactive) for this refresh sequence, thus conserving power. 


page mode 


Page-mode operation allows effectively faster memory access by keeping the same row address and strobing successive 
column addresses onto the chip. Thus, the time required to set up and strobe sequential row addresses on the same page 

is eliminated. To extend beyond the 64 column locations on a single RAM, the row address and RAS is applied to 
multiple 8K RAMs. CAS is decoded to select the proper RAM. 


power-up 


VBB must be applied to the device either before or at the same time as the other supplies and removed last. Failure to 
observe this precaution will cause dissipation in excess of the absolute maximum ratings due to internal forward bias 
conditions. This also applies to system use, where failure of the Vag supply must immediately shut down the other 
supplies. After power up, eight memory cycles must be performed to achieve proper device operation. 
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functional block diagram 


TIMING & CONTROL 








AG 
Ve Pores (4) MEMORY ARRAY 












a 2 
lied DATA 
A2 REG 
= DUMMY CELLS 
an i 
AO (%) 1 OF 64 COLUMN DECODE 






128 SENSE — REFRESH 
AMPS 


(4) 1 OF 64 COLUMN DECODE le 


DUMMY CELLS 









(4) MEMORY ARRAY 





DECODE 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) * 


Voltage on any pin (see Note 1) bo ap we OR ee. A ORR ee Ge a ee ee ew ee OOO 
Voltage on Vcc, Vpp supplies with respect to Vgg  . ww ww eee ee 1 tO 15 V 
- Short circuit output current es, eS ete A. ea Sas he a oe OS tae ee IA 
Power dissipation Res. hy SGA WR- GE, > oe a es Ce oe Sw. a ee we ae oe, a a OD ee 
Operating free-air temperature range dk. Bo we OH Bae ee Ree a ee £, O-Cte 70 
Storage temperature range See a. a eet, SE wk. BO BR ee ee Ae 2 BSC 16 150°C 


NOTE 1: Under absolute maximum ratings, voltage values are with respect to the most-negative supply voltage, Vep (substrate), untess 
otherwise noted. Throughout the remainder of this data sheet, voltage values are with respect to Vss.- 


*Stresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating only and 
functional Operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating Conditions” 
section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 


recommended operating conditions 


sain NOM MAR 
V 
ition ee ee 

All inputs except RAS, CAS, WRITE 














High-level input voltage, Vi} RAS. CAS. WRITE 









an ee he 
as 
co |~u] wy 


TThe algebraic convention where the more negative limit is designated as minimum is used in this data sheet for togic voltage levels and time 


intervals. 
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electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


PARAMETERS TEST CONDITIONS MIN TYPT MAX [UNIT 
VoH High-level output voltage plo Sma 


Vv 
VOL Low-level output voltage lol =4.2mA a ae 


: V)=0Vto7V, 
1 Input current (leakage) ; +10 pA 
All other pins = 0 V except Veg = —5 V 
| Output current (leakage) 2On era 


IpB1 Average operating current 


























during read or write Minimum cycle time 









After 1 memory cycle 
RAS and CAS 

high 
Minimum cycle time 
RAS cycling, 

CAS high 
Minimum cycle time 
RAS low, 
CAS cycling 





Standby current 





Average refresh current 











Average page-mode 










current 


*V is applied only to the output buffer, so } depends on output toading. Output loading is two standard TTL toads. 
cc cc 


capacitance over recommended supply voltage range and operating free-air temperature range, f = 1 MHz 


PARAMETER 
Ci(a) Input capacitance, address inputs 


Ci(D) Input capacitance, data input 

Ci(RC) Input capacitance, strobe inputs 
Ci(w) Input capacitance, write enable input 
Co Output capacitance 





switching characteristics over recommended supply voltage range and operating free-air temperature range 


ALTERNATE| TMS 4116-15 | TMS 4116-20 | TMS 4116-25 
PARAMETER TEST CONDITIONS UNIT 
symeoL_[ MIN MAX | MIN MAX | MIN MAX, 
Access time from CL = 100 pF, 
ta(C) _ tCAC 
column address strobe Load = 2 Series 74 TTL gates 
tTRLCL = MAX, 

Ci = 100 pF, tRAC 200 250 
CL = 100 pF, 
t Output disable time t 
ie : Load = 2 Series 74 TTL gates mie po fo mle mlm 






















Access time from 


t 
a(R) row address strobe 





Load = 2 Series 74 TTL gates 





TAIL typical values are at Ta = 25°C and nominal supply voltages. 
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timing requirements over recommended supply voltage range and operating free-air temperature range 


ALTERNATE { TMS 4108-15 | TMS 4108-20| TMS 4108-25 
PARAMETER UNIT 
SYMBOL MIN MAX | MIN MAX | MIN MAX | 


tc(p)____Pagemodecycletime | tee | tes 
[te(ra) Readeycletime Tt | 8 sf ats 
tow) —Writecycletime 0 tw 87H ats 
tei) Read-modify-write cycle time | trwe 875 75 ns 


: Pulse width, column address strobe high , 
wiCH) (precharge time) CF 


twiCL) Pulse width, column address strobe low 100 10,000| 135 10,000] 165 10,000] ns_ | 


Pulse width, row address strobe high 
tw(RH) ae 120 

(precharge time) 
twi(RL) Pulse width, row address strobe low 150 10,000] 200 10,000] 250 10,000} ns | 
twiw) Write pulse width we i SC*dSCSSSC*idt ws 

















—| 


- ana 
7 
) 
Ss 
a 


tsy(AR) | Row address setup time | tase | Oo | Oo | 
tsu(rd) Read command setup time | tacs | Oo | Oo | 
tsu(WCH) Write command setup time before CAS high | teow. =| — 60—(iss| 8 
tsu(WRH) Write command setup time before RAS high | tawe = |S 60—“‘LSC BONS 
Column address hold time after CAS low | tcan = | 45TH THs 

th(RA) Row address hold time 
th(RLA) Column address hold time after RAS tow | tar —s | 9—<“<‘<‘wL Qs“ (‘<;esST Oss 
th(RLC) CAS hold time after RAS low 200 250 | ons | 
th(CLD) Data hold time after CAS low toH | 45 | 85 L Ks 
th(RLD) Data hold time after AAS low ona | 882060 
pins | 

ee 





th(WLD) Data hold time after W low tDH 


in{ra)__ Read commend hold time eo a 
Write commend hold time after GAS low wer | dC 


Write command hold time after RAS low | two = | 9858 120 


| ns 
Sl a 
re Delay time, column address strobe low to ———— 
row address strobe high 
Delay time, column address strobe low to W low 
tCWwD 
es. ee ee 


o> | 
sis 
2/2 
: 
ae 


t 
pani (read, modify-write cycle only) 


Refresh time interval 
Delay time, row address strobe low to column 
tRLCL address strobe low (maximum value specified 





only to guarantee access time) 
Delay time, row address strobe low to W low 






t 
RLWE (read, modify-write cycle only) 


Delay time, W low to column address strobe 
t —20t —20t —201 
eee low (early write cycle) ane pnt fot 


tThe algebraic convention where the more negative limit is designated.as minimum is used on this data sheet for logic voltage levels and time 






invervals. 
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read cycle timing 


ADDRESSES 


=l 


*For Column Address: 


Andi: aaa 
| 


| 
SS Sh eee | 
Vin —K nn. 
VIL | | | 
| tei g_H—9j K-tR) > 
tom -trict—> twice) —>} — tcoRL—] 
| | | . 1 | 
Vv | | | | 
2 = Hy teular) . : + twicn) J 


ie | 
Te = | 
> taut | 


PUMP 0 CMOS HONEA 
| | vary 


i 


teu(ra) > | : third) | 
VIH VA 9 AV WV 
DON’T CARE | | DON’T CARE 
VIL , | | | OMX Dont CARE XX) 
! }<— ta(c) —> | 
| hha >| 


VoH | HI-Z 
VOL | 


/k—_—— tar) ————> 


AO must be at Vy, for TMS 4108-0 
AO must be at Viz for TMS 4108-1 
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early write cycle timing 
























AAS mie : 
VIL | 
| | t 
1 | "tc Rl eee] Bei | 
K-tRece He tcHRL—H 
L¢—_—_———— th(R LC) > r 
=x ViH : | }——— twicL) ———>| 
VIL | | 
stanton | —>| pt—tsutac) | be-——— twicH) ——>1 
te | 
Sue | thiCLa) , 
' | cae | 
IH 
ADDRESSES ? or 
iL 
] 
ead ee . 
—— acumceaxal 
| aes a 
a 
oe | h— thi) —>} 
Ww oa Xx) DON'T CARE XX ! 
| ——— 
| | 
| aries th(WLD)———> 
! | P*—thicLp)—> 
[+ thio) ———>4 
ViIH VV SAV Gane eane/ KAAS 
p :. YORE ABE vatip ara DROPPER KKK 
—>| — tsu(D) 
VOH 
Q ————_————_H-Z 
VOL 
*For Column Address: 
AO must be at Vie for TMS 4108-0 
AO must be at Vj,4 for TMS 4108-1 
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write cycle timing 


es 


















) 
| twit) + | l 
Vin ) 
RAS | | 
ViL 
| twin 
! tcLRH———+ 
| PtRLCL > tonne 
| 
| | 
ae VIH : Sr 
CAS : | | | 
is tsu(AR) +! | —| Saye twos —+ 
1 | eae a 
tinal Le a ea l : 
ViH 
ADDRESSES 
tL 
| | Piero || 
| | + ——tsu(WRH)}——H 
She | 
eer meu) — | 
= Vi AK V/V X YK oot CAREX WK 
wi vi ALBION CAREX AXXXXBONT CARE X X X 
| 
| | | p+ twiw) ) 
| | Fe th(WLD) >} 
| th(CLD) ——>| | 
—_——_—__——_} 
Vin AY nang, ene WY 
. ON SEEPS vat nara KERIO, BERT EAE ION 


VIL 





| | 
+ Kt tsu(D) 


+ tpzx—> —>| le texz 


l 


VOH 
Q (| NOTVALID / 


VOL 


*For Column Address: 
AO must be at Viz for TMS 4108-0 
AO must be at Vjy4 for TMS 4108-1 
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read-write/read-modify-write cycle timing 


te(RW) 


ae ViH SS 
ViL ! 


| | 
| | Se -*twiRH) > 
| He te ap lL f+ sce 





















eee VIH ! i 
CAS | | . 
Vit | | 7 | | 
|~¥—— th(rtay———> | Le—twicey —>] 
| a me 
; et thinay el tical ll 
” —>| teu AR) Ktsu( Ac) | 
iH 
ADDRESSES Xx 
ViL 
tsu(rd) <> l L—tsu(woH)—>4 (| 
/*—tsu(WRH)— 4 
<1 nip)» 
| | SSS hich) | 
| | b~t— ton wL—| | | 
CEE XY em OTST Y, 
Ww ‘ | DON‘T CARE 
ew DON‘T CARE x ) | AX A 
—______-»] 
*RLWL a | 
(ee | 
|~«#————th(cLp) . 
| /*- tsu(D) | | 
VIH 
ViL ) 


| 
| 
+ th(wLD) > etexz> 


| 
| 
| 
v 
VoL | , 





| 
! }-}—— talc) ——» 
<< =—-——ein el 
*For Column Address: 
AO must be at Vj; for TMS 4108-0 
AO must be at Vj}, for TMS 4108-1 
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page-mode read cycle timing 


TMS 4108 NL 


L-8OLv SW. 103 HIa ye aq asnw oY 
O-80Ly SWL 103 Ta ie aq asnw OY 
ssaippy ulunjod 404 


HOA 
_anwa qarwn ) (ara p ° 
TOA 


















\2Xdy | IZXey | | | zxasl | 
| e902) oy | pea |} (0}%) my | 
| | | L____e,.1____, 
| Wa ‘i 
| JHlap 
| 
(paynsy Jog ] 
ia | | | | ! : ! | 
(payns 
: | } | | 
| | | | ‘ij 
A 
3HV9 1.NOG sassayaav 
A 
] [ | 
| (ov) ti ! ee . cov Tolle | Lejbe-tuwine 
| ak | I | | Se ol ee et 
| (V1) pe | | (19) Lem ) ! (VID) a>} | a Levi 
| | | | 
| | | | MA sv 
| | Hp 
| [194 —o }~-— (49) —p4 ! | p< (19) py : | 
pe TSH | (HO), + et 1M | 
| HYD; | ) (a)2, | | | 
— — a ——— ! | 
meu | | lI, 
\ / svu 
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page-mode write cycle timing 
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RAS-only refresh timing 
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CYCLE RATE (& TIME) VS TEMPERATURE 
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e 16,384 X 1 Organization 


16-PIN CERAMIC AND PLASTIC 
e 10% Tolerance on All Supplies DUAL-IN-LINE PACKAGES 
© All Inputs Including Clocks TT L-Compatible Se ere 
e Unlatched Three-State Fully TTL-Compatible Ves 16 Ves 
Output | 
2 CAS 
e 3 Performance Ranges: . o me GAS 
ACCESS ACCESS READ READ, Ww 3 14° #Q 
TIME TIME OR MODIFY- none 
ROW COLUMN WRITE writet RAS 4 13, AG 
ADDRESS ADDRESS’ CYCLE CYCLE 
(MAX) (MAX) (MIN) (MIN) ay. = 12 AB 
TMS 4116-15 150 ns 100 ns 375 ns 375 ns A2 6 11 A4 
TMS 4116-20 200 ns 135 ns 375 ns 375 ns 
TMS 4116-25 250 ns 165 ns 410 ns 515 ns Al 7 10 AS 
e Page-Mode Operation for Faster Access Time Vo 8 9 Vec 


@ Common I/O Capability with “Early Write’ 
Feature 


e Low-Power Dissipation 
— Operating 462 mW (max) 


= Standby 20 mW (max) - Address Inputs Write Enable 
: ae Column address strobe —5-V power supply 
e 1-T Cell Design, N-Channel Silicon-Gate 
Tachnol Data input +5-V power supply 
ecnnorogy Data output +12-V power supply 
e 16-Pin 300-Mi!l (7.62 mm) Package Configuration Row address strobe 0 V ground 





description 


The TMS 4116 JL series is composed of monolithic high-speed dynamic 16,384-bit MOS random-access memories 
organized as 16,384 one-bit words, and employs single-transistor storage cells and N-channel silicon-gate technology. 


All inputs and outputs are compatible with Series 74 TTL circuits including clocks: Row Address Strobe RAS (or R) 
and Column Address Strobe CAS (or C). All address lines (AO through A6) and data-in (D) are latched on chip to 
simplify system design. Data out (Q) is unlatched to allow greater system flexibility. 


Typical power dissipation is less than 350 milliwatts active and 6 milliwatts during standby (Vcc is not required during 
standby operation). To retain data, only 10 milliwatts average power is required which includes the power consumed to 
refresh the contents of the memory. 


The TMS 4116 series is offered in 16-pin dual-in-line sidebraze (JDL suffix), and plastic (NL suffix) packages and is 
guaranteed for operation from OC to 70°C. Packages are designed for insertion in mounting-hole rows on 300-mil 
(7.62 mm) centers. 


operation 


address (AO through A6) 


Fourteen address bits are required to decode 1 of 16,384 storage cell locations. Seven row-address bits are set up on 
pins AO through A6 and latched onto the chip by the row-address strobe (RAS). Then the seven column-address bits are 
set up on pins AO through A6 and latched onto the chip by the column-address strobe (CAS). All addresses must be 
stable on or before the falling edges of RAS and CAS. RAS is similar to a chip enable in that it activates the sense 
amplifiers as well as the row decoder. CAS is used as a chip select activating the column decoder and the input and 
output buffers. 


TThe term “read-write cycle’’ is sometimes used as an alternative title to ““‘read-modify-write cycle”. 
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write enable (WW) 


The read or write mode is selected through the write enable (W) input. A logic high on the W input selects the read 
mode and a logic low selects the write mode. The write enable terminal can be driven from standard TTL circuits 
without a pull-up resistor. The data input is disabled when the read mode is selected. When W goes low prior to CAS, 
data-out will remain in the high-impedance state for the entire cycle permitting common I/O operation. 


data-in (D) 


Data is written during a write or read-modify write cycle. The latter falling edge of CAS or W strobes data into the 
on-chip data latch. This latch can be driven from standard TTL circuits without a pull-up resistor. In an early write 
cycle W is brought low prior to CAS and the data is strobed in by CAS with setup and hold times referenced to this 
signal. In a delayed write or read-modify write cycle, CAS will already be low, thus the data wil! be strobed in by W 
with setup and hold times referenced to this signal. 


data-out (Q) 


The three state output buffer provides direct TTL compatibility (no pull-up resistor required) with a fan-out of two 
Series 74 TTL loads. Data-out is the same polarity as data-in. The output is in the high-impedance (floating) state until 
CAS is brought low. In a read cycle the output goes active after the enable time interval ta(¢) that begins with the 
negative transition of CAS as long as ta(R) is satisfied. The output becomes valid after the access time has elapsed and 
remains valid while CAS is low; CAS going high returns it to a high-impedance state. In an early write cycle, the output 
is always in the high-impedance state. In a delayed write or read-modify-write cycle, the output will follow the 
sequence for the read cycle. 


refresh 


A refresh operation must be performed at least every two milliseconds to retain data. Since the output buffer is in the 
high-impedance state unless CAS is applied, the RAS only refresh sequence avoids any output during refresh. Strobing 
each of the 128 row addresses (AO through A6) with RAS causes all bits in each row to be refreshed. CAS remains high 
(inactive) for this refresh sequence, thus conserving power. 


page mode 


Page mode operation allows effectively faster memory access by keeping the same row address and strobing successive 
column addresses onto the chip. Thus, the time required to setup and strobe sequential row addresses on the same page 
is eliminated. To extend beyond the 128 column locations on a single RAM, the row address and RAS is applied to 
multiple 16K RAMs CAS is decoded to select the proper RAM. 








power-up 


VBB must be applied to the device either before or at the same time as the other supplies and removed last. Failure to 
observe this precaution will cause dissipation in excess of the absolute maximum ratings due to internal forward bias 
conditions. This also applies to system use, where failure of the Vag supply must immediately shut down the other 
supplies. After power up, eight memory cycles must be performed to achieve proper device operation. 
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functional block diagram 


TIMING & CONTROL 












































Ag 
AS (4) MEMORY ARRAY 
pe DATA 
A3 IN 
A2 DUMMY CELLS REG 
A 
: 
, lic 
a 
128 SENSE — REFRESH xia Our 
AMPS REG. 
COLUMN (4) 1 OF 64 COLUMN DECODE 
sOoHESe 
BUFFERS 
{4%} MEMORY ARRAY 
(7) DECODE 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) * 
Voltage on any pin (see Note 1) be Fes Cskey as as ah. “ee Seb AES Gs Wis a EDs —0.5 to 20 V 
Voltage on Vcc, Vpp supplies with respect to Vsg  . we ww ee ee ee ee ee ws 1 tO 15 V 
Short circuit output current Ree SP RE Se SR) ue Cog Qe oe? be ie Se. a Get a ee oe che at. ww HDA 
Power dissipation ft, tere Te Ae coi: Vat a ae SG am ee ee ate Ge ea RS od oe a, oS. a SE 
Operating free-air temperature range et es te cd Be. ok ee de SG ee ce me Ss pe’ 20 Co 20 © 
Storage temperature range S'S, ois a) Se eet ter uk we es he Ke ss SE aha te es ee oS GO 150°C 


NOTE 1: Under absolute maximum ratings, voltage values are with respect to the most-negative supply voltage, Vep (substrate), unless 
otherwise noted. Throughout the remainder of this data sheet, voltage values are with respect to Vgs. 


“Stresses beyond those listed under ‘Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions beyond those indicated in the “Recommended Operating Conditions” 
section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 


recommended operating conditions 


High-level i er Vv All inputs except RAS, CAS, WRITE 
igh-level input voltage, Vj ———_——_— 

RAS, CAS, WRITE 
Low-level input voltage, V) 


Refresh time, trefresh 


Operating free-air temperature, TA 
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electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


PARAMETERS TEST CONDITIONS MIN TYPt MAX | UNIT 
VoH High-level output voltage 2.4 
10 












VOL Low-level output voltage lol =4.2mA aaa 7 ee 


Vj, =OVto7V, 
ly Input current (leakage) ; - 10 LA 
All other pins = 0 V except Vag = —5 V 
Vo = 0to5.5V, 
| Output current (teakage) geen 
CAS high 00 faa | 


IpB1 Average operating current 
during read or write 










Minimum cycle time 















After 1 memory cycle 
RAS and CAS 

high 
Minimum cycle time 
RAS cycling, 

CAS high 
Minimum cycle time 
RAS low, 
CAS cycling 





Standby current 










Average refresh current 


















Average page-mode 








current 





*Voc is applied only to the output buffer, so lec depends on output loading. 
** Output loading two standard TTL loads. 


capacitance over recommended supply voltage range and operating free-air temperature range, f = 1 MHz 


PARAMETER TYPt MAX | UNIT 


Ci(A) Input capacitance, address inputs 
Ci(D) Input capacitance, data input 
Ci(RC) Input capacitance, strobe inputs 


Ci(w) Input capacitance, write enable input 


Co Output capacitance 





switching characteristics over recommended supply voltage range and operating free-air temperature range 


ALT. TMS 4116-15 | TMS 4116-20 | TMS 4116-25 
PARAMETER TEST CONDITIONS UNIT 
symeo. [MIN MAX| MIN MAX | MIN MAX | 
Access time f C, = 100 pF, 
ie ccess time from L p : ie ies fee 
column address strobe Load = 2 Series 74 TTL gates | 


tRLCL = MAX, 


C._ = 100 pF 
Load = 2 Series 74 TTL gates 


t Output disable ti BLO ers t 0 50 
utput disa im 
PXZ e . : Load = 2 Series 74 TTL gates OFF 






















Access time from 


t 
a(R) row address strobe 






Tall typical values are at OW aa 25°C and nominal supply voltages. 
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timing requirements over recommended supply voltage range and operating free-air temperature range 


ALT. TMS 4116-15 | TMS 4116-20 | TMS 4116-25 
PARAMETER UNIT 
SYMBOL MIN MAX | MIN MAX] MIN MAX 


Fel) __ Write ove time Two | ai ats 
awit. neaiaisulonneaenne paws | 37s a5 tse 


Pulse width, column address strobe high 
tw(CH) : tcp 
(precharge time) 


twiCL) Pulse width, column address strobe low 100 10,000} 135 10,000| 165 10,000] ns | 


Pulse width, row address strobe high 

‘wiRH) (precharge time) a 

tw(RL) Pulse width, row address strobe low 150 10,000 | 200 10,000] 250 10,000] ns_ | 

twlw) Write pulse width we SC*dSC( SSCd 
Transition times (rise and fall) for RAS and CAS 3 3 50 

tsu(AC) Column address setup time 

tsu(AR) | Row address setup time 

tsu(D) Data setup time 

tsu(rd) Read command setup time 

tsu(WCH) Write command setup time before CAS high 

tsu(WRH) Write command setup time before RAS high 

th(ACL) | Column address hold time after CAS low 

th(AR) Row address hold time | 

th(ARL) | Column address hold time after RAS low 

thiCcRL) CAS hold time after RAS low 

th(DCL) Data hold time after CAS low 

th(DRL) Data hold time after RAS low 

th(DWL) Data hold time after W low 

third) Read command hold time 


th(WCL) Write command hold time after CAS low tWCH 


th(WRL) Write command hold time after RAS low 


95 
Delay time, column address strobe high to 
t t —20 —20 
70 


Lana 
+ 


wn 


‘ Delay time, column address strobe low to ; 
CLRH row address strobe high RSH 

Delay time, column address strobe low to W low 

TCLWL : : tCwD 95 125 
(read, modify-write cycle only) 
Delay time, row address strobe low to column 

tRLCL address strobe low (maximum value specified tRCD 20 50 25 65 35 85 
only to guarantee access time) 
Delay time, row address strobe low to W low 

tRLWL pues ue ae : tRWD 120 200 
(read, modify-write cycle onty) 
Delay time, W low to column address strobe 

tWLCL : : twes —20 —20 —20 ns 
low (early write cycle) 
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read cycle timing 


a 
” 


ADDRESSES 


=| 


DO 





VIH 
ViL 


VIH 


VIL 


V 


. 


VIL 


VIH 


VIL 


VOH 


VOL 


TMS 4116 JDL, NL 
16,384-BIT DYNAMIC RANDOM-ACCESS MEMORY 


}+————tcLRH——_ twin) 1 
taLcL—> + twit) —>| |<— tcurt_—> 
| | | | 
| | | 
t 
>| [7 tsulaR) | eS a ad 
| fa as | 


eae ageey. sata ! 


TON eon RK ELD 
) | ol th(ACL) 


| 
| | | | 
tsu (rd) a bet third) 


== 


| 
WLS BACON 
| 
| _ ta(c) —~| | 
| Le—-tpxz 1 


| 
l | 


I-Z 
| 


4g 


TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


43 











TMS 4116 JDL, NL 
16,384-BIT DYNAMIC RANDOM-ACCESS MEMORY 





early write cycle timing 
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write cycle timing 
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read-write/read-modify-write cycle timing 
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page-mode read cycle timing 
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page-mode write cycle timing 
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RAS-only refresh timing 
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TA — Free Air Temp — °C 


IDD 3(MAX) -- Supply Current — mA 


CYCLE RATE (& TIME) VS TEMPERATURE 


te(rd) — Cycle Time — ns 


375 
1000 500 400 


6a A 0 sccn0008 
70 rT TA (MAX) SaRwan 

CEES 
FECES 


eo LECCE 














10°/tc(rd) — Cycle Rate — MHz 
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IpDD4a(MAX) — Supply Current — mA 


CYCLE RATE (& TIME) vs MAX SUPPLY 
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10°/te(rd) — Cycle Rate — MHz 


PAGE-MODE CYCLE RATE (& TIME) vs 
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MAX SUPPLY CURRENT, Ipp4 
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103/t — Page-Mode Cycle Rate — MHz 
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MOS TMS 4164 JDL 
LSI 65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY 


DECEMBER 1979 





e 65,536 X 1 Organization 
16-PIN CERAMIC 











e Single +5 V Supply (10% Tolerance) DUAL-IN-LINE PACKAGE Pee 
(TOP VIEW) ah 
e JEDEC Standardized Pin Out : 
e Upward Pin Compatible with TMS 4116 NC 1 16 = Vss 
(16K Dynamic RAM) a 15 CAS 
e Max Access Time from RAS less than 150 ns W 3 wz. O 
e Min Cycle time (Read or Write) less than RAS 4 13 AG 
260 ns 
; ae AO 5 12. A3 
e Long Refresh Period... 4 milliseconds 
A2 6 1 =A 
e Low Refresh Overhead Time... As Low As 
1.6% of Total Refresh Period Al 7 10 =~ AS 
e All Inputs, Outputs, Clocks Fully TTL VDD 8 9g Al 
Compatible 
e 3-State Unlatched Outputs Raaicee Anu 
e Common |/O Capability with ‘Early Write” CAS Column Address Strobe 
Feature Data In 
e Page-mode Operation for Faster Access poe ee 
Data Out 
e Low Power Dissipation RAS Row Address Strobe 
— Operating... 125 mW (typ.) Write Enable 
— Standby ... 17.5 mW (typ.) +5 V Supply 
e New SMOS (Scaled-MOS) N-Channel ereung 
Technology 


The TMS 4164 JDL is a high speed 65,536 bit dynamic random access memory organized as 65,536 words of one bit 
each. It employs state-of-the-art SMOS (scaled MOS) N-channel double level polysilicon gate technology for very high 
performance combined with !ow cost and improved reliability. 


The TMS 4164 JDL features RAS access times to 150 ns maximum. Power dissipation is 125 mW typical operating, 
17.5 mW typical standby. 


New SMOS technology permits operation from single +5 V supply, reducing system power supply and decoupling re- 
quirements, and easing board layout. Ipp peaks have been reduced to 60 mA typical, and a —1 V input voltage under- 
shoot can be tolerated, minimizing system noise considerations. 


Refresh period is extended to 4 milliseconds, and during this period each of the 256 rows must be strobed with RAS in 
order to retain data. CAS can remain high during the refresh sequence to conserve power. 


All inputs and outputs, including clocks, are compatible with Series 74 TTL. All address lines and data-in are latched on 
chip to simplify system design. Data-out is unlatched to allow greater system flexibility. Pin 1 is no connect to allow 
compatibility with other 64K RAMs using this pin for an additional function. 


| 
description : 


The TMS 4164 JDL is offered in a 16 pin dual-in-line ceramic sidebraze package and is guaranteed for operation from 
O°C to 70°C. Packages are designed for insertion in mounting-hole rows on 300 mil (7.62 mm) centers. 
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operation 
address (AO through A7) 


Sixteen address bits are required to decode 1 of 65,536 storage cell locations. Eight row-address bits are set up on pins 
AO through A7 and latched onto the chip by the row-address strobe (RAS). Then the eight column-address bits are set 
up on pins AO through A7 and latched onto the chip | by the column-address strobe (CAS). All addresses must be stable 
on or before the falling edges o of RAS and CAS. RAS is similar to a chip enable in that it activates the sense amplifiers 
as well as the row decoder. CAS is used as a chip select activating the column decoder and the input and output buffers. 


write enable (W) 


The read or write mode is selected through the write enable (W) input. A logic high on the W input selects the read mode 
and a logic low selects the write mode. The write enable terminal can be driven from standard TTL circuits without a 
pull-up resistor. The data input is disabled when the read mode is selected. When W goes low prior to CAS, data-out will 
remain in the high-impedance state for the entire cycle permitting common I/O operation. 


data-in (D) 


Data is written’during a write or read-modify write cycle. The falling edge of CAS or W strobes data into the on-chip 
data latch. This latch can be driven from standard TTL circuits without a pull-up resistor. In an early write cycle W is 
brought low prior to CAS and the data is strobed in by CAS with setup and hold times referenced to this signal. In a 
delayed write or read-modify write cycle, CAS will already be low, thus the data will be strobed in by W with setup and 
hold times referenced to this signal. 


data-out (Q) 


The three state output buffer provides direct TTL compatibility (no pull-up resistor required) with a fan-out of two 
Series 74 TTL loads. Data-out is the same polarity as data-in. The output is in the high-impedance (floating) state until 
CAS is brought low. Ina read cycle the output goes active after the access time interval ta(c) that begins with the 
negative transition of CAS as long as ta(R) is satisfied. The output becomes valid after the access time has elapsed and 
remains valid while CAS is low; CAS going high returns it to a high-impedance state. In an early write cycle, the output 
is always in the high-impedance state. In a delayed write or read-modify-write cycle, the output will follow the sequence 
for the read cycle. 


refresh 


A refresh operation-must be performed at least every four milliseconds to retain data. Since the output buffer is in the 
high-impedance state unless CAS is applied, the RAS only refresh sequence avoids any output during refresh. Strobing 
each of the 256 row addresses (AO through A7) with RAS causes all bits in each row to be refreshed. CAS can remain 


- 


high (inactive) for this refresh sequence to conserve power. ' 
page mode 


Page mode operation allows effectively faster memory access by keeping the same row address and strobing successive 
column addresses onto the chip. Thus, the time required to setup and strobe sequential row addresses for the same page 
is eliminated. To extend beyond the 256 column locations on a single RAM, the row address and RAS are applied to 
multiple 64K RAMs. CAS is then decoded to select the proper RAM. 





a I a RAN 


TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


TMS 4164 JDL 
65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY 





functional block diagram 




































RAS 
CAS TIMING & CONTROL 
Ww . 
D 
ie a) 
ie oer 
ol 2 ie Canaan | foeset. oe vee 
cm El Se Smee re 
A3 ADDRESS DATA 
pee a (as ee es a IN 
oon Sie Eee eo aa TINGE oe 
AO eee eee {%) 4 OF 256 COLUMN DECODE : 
BUFFER & DATA 
256 BS eres 1 OF 41/0 But 
SELECTION REG. 
(4) 4 OF 256 COLUMN DECODE 
DUMMY CELLS 
COLUMN 
AODRESS 
BUFFERS 
(8) 










DECODE (2) MEMORY ARRAY 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) * 


Voltage on any pin except Vpp and data out (see Note 1) 6... ee ees —-1.5to 10 V 
Voltage on Vpp supply and data out with respect to VSS) ww eee —1to6V 
SHOMCICUITOUTDULCUITERE. 4.465. 22. hk sid eae eek WS See SO BEE OS BS EES SOS sae amas tara 50 mA 
POWERGISSIDALION). she esa de evra deed oie Ada Oe Oe AT Eee OI ale ate See ee Se OEE Be OS ee 1W 
Operating free-air temperature range «1. ee ee es tafe aNd iat oe emcee ee aa ae 0°C to 70°C 
Storage temperature range ..........06. Be a ugnaatag se Ge betas ee, Keen ae esata eh pes Sige Meath i 8 —65°C to 150°C 


NOTE 1: All voltage values in this data sheet are with respect to Vgc. 


* Stresses beyond those listed under ‘““Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating Conditions’’ 
section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 


recommended operating conditions 


PARAMETER MIN NOM XxX 
Supply voltage, V|pp 4.5 5 5.5 


Supply voltage, Vss . 0 


Refresh time, trefresh 
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: CL = 100 pF, 
| ta(c) Access time from column address strobe . tCAC 135 | ns 
Load = 2 Series 74 TTL gates 


TMS 4164 JDL 
65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY 





electrical characteristics over full ranges of recommended operating conditions 
(unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYPTt MAX | UNIT 
VOH High-level output voltage 1OH = —5 MA 
VOL Low-level output voltage lot =4.2mA a ia 


4 
Vj,=OVtoS BV 
I Input current (leakage) ieee ; au —10 10| pA 
other pins = 
Vo = 04 to5.5V 
lo Output current (leakage) ae aos ss : —10 10] BA 
tg 
Average operating current =e ; 
Ipp1 ; : Minimum cycle time 25 37] mA 
during read or write cycle 
After 1 memory cycle 
Ipp2 Standby current RAS and CAS high 3.5 5] mA 


Minimum cycle time 
RAS cycling, 

CAS high 
Minimum cycle time 
RAS low, 
CAS cycling 


















= 




















Ipp3 Average refresh current 













Average page-mode 


| 
OPS current 






capacitance over recommended supply voltage range and operating free-air temperature range, 
f= 1MHz 


PARAMETER 


Ci(A) Input capacitance, address inputs 


Ci(D) Input capacitance, data input 


Ci(RC) Input capacitance, strobe inputs 
Ci(w) Input capacitance, write enable input 





Co Output capacitance 


Tall typical values are at Ta = 25°C and nominal supply voltages. 


switching characteristics over recommended supply voltage range and operating free-air 
temperature range 


ALT. | TMS 4164-15|TMS 4164-20 
PARAMETER TEST CONDITIONS UNIT 
SYMBOL} MIN MAX] MIN MAX 





















tRLCL = MAX, 
C. = 100 pF 


tRAC 150 200 fe 
Load = 2 Series 74 TTL gates 
Load = 2 Series 74 TTL gates 






ta(R) Access time from row address strobe 
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timing requirements over recommended supply voltage range and operating free-air 
temperature range 








ALT. | TMS 4164-15] TMS 4164-20 
UNIT 


PARAMETER 
SYMBOL; MIN MAX | MIN MAX 


fclb) Page mode oyele time 156 


te(W) Write cycle time twe 


te(RW) Read-write/read-modify-write cycle time 

tw(CH) Pulse width, column address strobe high (precharge time) * Pe 
tw(CL) Pulse width, column address strobe low 100 10,000 
tw(RH) Pulse width, row address strobe high (precharge time) tRp 


150 10,000]; 200 .10,000 


tw(RL) Pulse width, row address strobe low tRAS 


W 
T 

tASC 
tasR 

D 
tRCS 
tCWL 
tRWL 
tCAH 


tw(W) Write pulse width 
Transition times (rise and fall) for RAS and CAS 
tsu(AC) Column address setup time 


=) 


tsu(AR} Row address setup time 

tsu(D) Data setup time 

tsu(rd) Read command setup time 

tsu(WCH) Write command setup time before CAS high 
tsu(WRH) Write command setup time before RAS high 
th(ACL) | Column address hold time after CAS low 


+ + 
+ 
”n 


th(AR) Row address hold time tRAH 

th(ARL) Column address hold time after RAS low taR 120 

thi{CRL) CAS hold time after RAS low 150 

th(DCL) Data hold time after CAS low 

thiDRL) Data hold time after RAS low 
th(DWL) Data hold time after W low tDH 


third) Read command hold time tRCH 
tWCH 
twWCR 
tCRP 


tRSH 


th(WCL) Write command hold time after CAS low 


th(WRL) Write command hold time after RAS low 


tCHRL Delay time, column address strobe high to row address strobe low 


4 
. . . . . . 
t 
. . os . . . ' 
- - . . a a 
. . - - ~ 
. A . 
’ 
> 
. . a . . 
‘ . « . 
' 
. 
‘ 
. . 
. 
. 


tCLRH Delay time, column address strobe low to row address strobe high 


Delay time, column address strobe low to W low 





t t 

CLWL (read, modify-write-cycle only) cw 
Delay time, row address strobe tow to column address strobe low 

tRLCL - tRCD 65 
(maximum value specified only to guarantee access time) 
Delay time, row address strobe low to W low 

tRLWL tRWD 


(read, modify-write-cycle only) 


tWLCL Delay time, W low to column address strobe low (early write cycle) 


* Page Mode Only 








twcs 
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read cycle timing 
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early write cycle timing 
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write cycle timing 
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read-write/read-modify-write cycle timing 
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page-mode read cycle timing 
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RAS -only refresh timing 
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MOS TMS 4044 NL; TMS 40144 NL 
LS! 4096-WORD BY 1-BIT STATIC RAMS 


DECEMBER 1979 





e Single +5 V Supply (+10% Tolerance) TMS 4044/TMS 40L44 
18-PIN PLASTIC 


e High Density 300-mil (7.62 mm) 18-Pin GUALAN-LINE-PACKACE 
Package (TOP VIEW) 

e Fully Static Operation (No Clocks, No Re- 
fresh, No Timing Strobe) Ao 1 |i El 8] 18 Voc 


e 4 Performance Ranges: 

ACCESS READ OR WRITE AQ 

TIME CYCLE 

(MAX) (MIN) 

TMS 4044-15, TMS 40L44-15 150 ns 150 ns A4 
TMS 4044-20, TMS 40L44-20 200 ns 200 ns 





TMS 4044-25, TMS 40L44-25 250ns_ ~—250 ns ia 
TMS 4044-45, TMS 40L44-45 450 ns 450 ns a 
e 400-mV Guranteed DC Noise Immunity with w 
Standard TTL Loads — No Pull-Up Resistors Vss 
Required | 


e Common 1/O Capability 


e 3-State Outputs and Chip Select Control for 
OR-Tie Capability 


e Fan-Out to 2 Series 74, 1 Series 74S, or 8 
Series 74LS TTL Loads PIN NAMES 


AO-A11 Addresses 














e Low Power Dissipation 


MAX MAX 

(OPERATING) (STANDBY) 
TMS 4044 440 mi 156 mW 
TMS 40L44 275 mW 96 mW 


Vss Ground 


description 


This series of static random-access memories is organized as 4096 words of 1 bit. Static design results in reduced over- 
head costs by elimination of refresh-clocking circuitry and by simplification of timing requirements. Because this series 
is fully static, chip select may be tied low to further simplify system timing. Output data is always available during 
a read cycle. 


All inputs and outputs are fully compatible with Series 74, 74S or 74LS TTL. No pull-up resistors are required. This 4K 
Static RAM series is manufactured using TI‘s reliable N-channel silicon-gate technology to optimize the cost/performance 
relationship. All versions are characterized to retain data at Vcc = 2.4 V to reduce power dissipation. 


The TMS 4044/40L44 series is offered in the 18-pin dual-in-line plastic (NL suffix) packages designed for insertion in 
mounting-hole rows on 300-mil (7.62 mm) centers. The series is guaranteed for operation from 0°C to 70°C. 
for operation from O°C to 70°C. 
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operation 
addresses (AQ-A11) 


The twelve address inputs select one of the 4096 storage locations in the RAM. The address inputs must be stable for the 
duration of a write cycle. The address inputs can be driven directly from standard Series 54/74 TTL with no external 
pull-up resistors. 


chip select (S) 


The chip-select terminal, which can be driven directly from standard TTL circuits, affects the data-in and data-out ter- 
minals. When chip select is at a logic low level, both terminals are enabled. When chip select is high, data-in is inhibited 
and data-out is in the floating or high-impedance state. 


write enable (W) 


The read or write mode is selected through the write enable terminal. A logic high selects the read mode; a logic low 
selects the write mode. W must be high when changing addresses to prevent erroneously writing data into a memory 
location. The W input can be driven directly from standard TTL circuits. 


data-in (D) 


Data can be written into a selected device when the write enable input is low. The data-in termina! can be driven 
directly from standard TTL circuits. 


data-out (Q) 


The three-state output buffer provides direct TTL compatibility with a fan-out of two Series 74 TTL gates, one Series 
74S TTL gate, or eight Series 74LS TTL gates. The output is in the high-impedance state when chip select (S) is high or 
whenever a write operation is being performed, facilitating device operation in common I/O systems. Data-out is the 
same polarity as data-in. 


standby operation 


The standby mode, which will retain data while reducing power consumption, is attained by recuding the Vcc supply 
from 5 volts to 2.4 volts. When reducing supply voltage during the standby mode, S and W must be high to retain data. 
The Vcc transition rate should not exceed 26 mV/ms. During standby operation, data can not be read or written into 
the memory. When resuming normal operation, five cycle times must be allowed after normal supplies are returned for 
the memory to resume steady state operating conditions. 
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absolute maximum ratings over operating free-air temperature (unless otherwise noted) * 


Supply Voltage, Voc lsee Note-1). axis be wa els eae ale e's hed wae eR ee ee Are —0.5to7V 
Input Voltage (any input) (see Note 1)... ca.065% ac Ga Se be eae Pee Me eee ae GK ee Re es —1to7V 
GONTIMUOUS-DOWErrCISSIDALION: S.04 sho bx hee hxrie 2 fete ce Bee Pe PL ene te oI PGS Ene ota oa de be bos eta 1W 
Operating free-air temperature range wk ke eee eee eee ee eens 0°C to 70°C 
Storaqestemiperature Pande hose Gate seca eden d, arate. bk Btn ace hen de ateey GM ee a ce aaa be —55°C to 150°C 


NOTE 1: Voltage values are with respect to the ground terminal. 


* Stresses beyond those listed under ‘“‘Absolute Maximum Ratings’? may cause permanent damage to the device, This is a stress rating only and 
functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating Conditions”‘ 
section of thisspecification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 


logic symbolT 
















as RAM 4096x1 
AO 
| 

AM (2) 
A2 (3) 
A3 (4) 

5 
A4 (5) 
AS (6) 

(17) 
AG FUNCTION TABLE 
AB (15) Q 

(at HI-Z NOT SELECTED 
AQ HI-Z WRITE 
ato?! DATA OUT READ 
A11 (12) 

510) = 
(8) 


1EN [READ] 


=| 
y 


1C2 {WRITE} 


TThis symbol is in accordance with IEEE Std 91/ANSI Y32.14 and 


D (1 1) A2D AV (7) oO current discussions in IEEE and !EC, See explanation on page 183. 


recommended operating conditions 


TMS 4044-45 
PARAMETER. TMS 40L44-45 UNIT 
MIN NOM MAX | 


Operating 4.5 5 5.5 
Supply voltage, Vcc Standby V 
a « 


Supply voltage, Vgs ae oe 
High-level input voltage, Vin 
Low-level input voltage, V}__ (see Note 2) | 1 | 


Operating free-air temperature, TA 0 70 








NOTE 2: The algebraic convention where the more negative (tess positive) limit is designated as minimum is used in this data sheet for logic 
voltage levels only. 
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electrical characteristics over recommended operating free-air temperature ranges 
(unless otherwise noted) 


[Vou _towlevelvolige | lor=82mA sega SC*dCSCCCSC“C‘é 


| Oifstate outeut t Behe Of Vo=0Vto5.5V +10] uA 
-Stafe ou ut curren = 02~7. + u 
02 e W at 0.8 V 0 


TMS 4044 wa 
ICO aU = es ee 
Ta = 0°C (worst case) 


5 
jrwsao.as | eee —_{__s__> 
f= 1 MHz 
f = 1 MHz 


¥ All typical values are at Vec=5V,Tpa= 25°C. 

































lo =OmMmA, 
lec Supply current from Vcc 













timing requirements over recommended supply voltage range, TA = O°C to 70°C 1 Series 74 TTL load, 


Cl. = 100 pF 
TMS 4044-15 TMS 4044-20 TMS 4044-25 
PARAMETER TMs 40L44-15 | TMS 40L44-20 | TMS 40L44-25 | TMS 40L44-45 {UNIT 
win max Mi Max | MIN MAX 
egy Renders eo 
te(RW) Read-modify-write cycle time 250 
ent) Wie pube wits 0010 
TieutayAderons sot up one 
Cass) Chipset up ome ft 
| 
pes eed 
a ee 




















tsu(D) Data set up time [700 
in(0)__Data hold time aie aia 
th(A) Address hold time 


p00 Ta 
wee al mn 
too ne 
a 
al 
a Pr] 
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switching characteristics over recommended voltage range, TA = 0°C to 70°C 1 Series 74 TTL load, 


CL = 100 pF 
TMS 4044-15 TMS 4044-20 TMS 4044-25 TMS 4044-45 
TMS 40L44-15 | TMS 40L44-20 | TMS 40L44-25 | TMS 40L44-45 | UNIT 


PARAMETER 
MIN MA MIN MAX MIN MAX 
2 
20 









x 
Se 
ats) __Accesstime fomenipsoeeriow POP OTOL 
| tatw) Access time from writeenablehigh [7 0 Tits_ 
a ee 
0 p10 ss 
eer emet 








read cycle timing** 


ViH 
ADDRESS, A 


Vibe 


Vi 


CHIP SELECT, S 
Vit 


VOH 
OUTPUT DATA, Q 


VOL 





All timing reference points are 0.8 V and 2,0 V on inputs and 0.6 V and 2,2 V on outputs (90% points). Input rise and fall times = 10 ns. 
**Write enable is high for a read cycle. 


a NN nT 
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early write cycle timing 


VIH 
ADDRESS, A 





e: VIH twiW) 
WRITE ENABLE, W 


= t 
CHIP SELECT, S su(S) 


tsu(D) th(D) 


VIH AAA) " 
roe TN 


VOH 
a | Sy, 
OUTPUT, Q 
VOL 


read-modify-write cycle timing 


ADDRESS,A 





H 
WRITE ENABLE, W | 


VIL 
i tw(W) 
CHIP SELECT, S 
VIL | 
: tsu(D) jaa th(D) 
IH 
mruroara.o | KRRUTFOCEMMAAINDA wave [+ DONA AA 


| ta(s)—+ : tpyvZz,w ta(W) —- P tPVZ,W 


OUTPUT, Q a > ae (| VALID H|-Z-——— 
VOL 


ta(A) 4 
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e 4096 X 1 Organization TMS 2147/TMS 2147 
18-PIN PLASTIC 
e Single +5 V Supply (+10% Tolerance) DUAL-IN-LINE PACKAGE 
: : (TOP VIEW) 
e High-Density 300-mil (7.62 mm) Packages 
e Fully Static Operation (No Clocks, No Re- Ao 
fresh, No Timing Strobe) A, 
e Fast ...3 Performance Ranges: A> 
ACCESS READ OR WRITE A3 
TIME CYCLE na 
(MAX) (MIN) 
TMS 2147-5 55 ns 55 ns As 
TMS 2147-7/TMS 21L47-7 70 ns 70 ns Q | 
w 
@ Inputs and Outputs TTL Compatible ; 
Ss 
e Common I/O Capability 
e 3-State Outputs and Chip Enable Control for 
OR-Tie Capability PIN NAMES 
e Automatic Chip-Select-Power-Down 
Operation 
e Reliable SMOS (Scaled-MOS) N-Channel | 
Technology | 
description 


These high-speed static random-access memories are organized as 4096 words of 1 bit. Static design results in reduced 
overhead costs by elimination of refresh-clocking circuitry and by simplification of timing requirements. Automatic 
chip select/power-down allows devices to be placed in the reduced-power mode whenever deselected. 





All inputs and outputs are fully compatible with Series 74, 74S or 74LS TTL. No pull-up resistors are required. These 
4K static RAM series are manufactured using T1’s reliable state-of-the-art SMOS (scaled MOS) N-channel silicon-gate 
technology to optimize the cost/performance relationship. 


The TMS 2147 series and the TMS 21L47 series are offered in 18-pin dual-in-line plastic (NL suffix) packages designed 








for insertion in mounting-hole rows on 300-mil (7.62 mm) centers. The series is guaranteed for operation from O°C to 
70°C. 
MM2147 Copyright © 1979 by Texas Instruments Incorporated 
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operation © 
addresses (A0-A11) 


The twelve address inputs select one of the 4096 storage locations in the RAM. The address inputs must be stable for 
the duration of a write cycle. The address inputs can be driven directly from standard Series 54/74 TTL with no exter- 
nal pull-up resistors. 


chip-select/standby (S) 


The chip-select terminal, which can be driven directly by standard TTL circuits, affects the data-in and data-out ter- 
minals and the internal functioning of the chip itself. Whenever the chip-select terminal is low (enabled), the device 
is operational, input and output terminals are enabled, and data can be read or written. When the chip-select terminal 
is high (disabled), the device is deselected and put into a reduced-power standby mode. Data is retained during standby. 


write-enable (W) 


The read or write mode is selected through the write-enable terminal. A logic high selects the read mode; a logic low 
selects the write mode. W must be high when changing addresses to prevent erroneously writing data into a memory 
location. The W input can be driven directly from standard TTL circuits. 


data-in (D) 


Data can be written into a selected device when the write-enable input is low. The data-in terminal can be driven 
directly from standard TTL circuits. 


data-out (Q) 


The three-state output buffer provides direct TTL compatibility. The output is in the high-impedance state when chip 
select (S) is high or whenever a write operation is being performed, facilitating device operation in common I/O systems. 
Data-out is the same polarity as data-in. | 
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absolute maximum ratings over operating ambient temperaturet range (unless otherwise noted) * 


Supply voltage. Versee NOLEN): 5. 2 ack % Sa & eb eel Wk Sowa w Ae eI eee a eae gOS -1.5Vto7V 
Input voltage (any input) (see Note 1) 2 we ee eee ee eee ee et eee —-1.5Vto7V 
Continuous: DOWer GISSIDATION:. . 6655s 6 a HW ae CE OE OO RE sh RA BR 1.2 W 
Operating ambient temperature range 6k ee ee ee ee ee ee ee ee ee es 0°C to 70°C 
Storage temperature range «1. ee ee et ee ee ee ee eee ee eens —~65°C to 150°C 


logic symbol § 


RAM 4096x1 


(1) 


AT (2) 


A2 (3) 
(4) 


A3 

ne (5) 

AS (6) 

AG (17) 
(16) 


A7 
AB (15) 


(14) 


AS 
A10 (13) 
(12) 


Al11 
<_(10) 


(8) 


AQ 


FUNCTION TABLE 


NOT SELECTED 


WRITE 
DATA OUT READ 





1EN [READ] 


=| 
y 


1C2 [WRITE] 





p lt A,2D aga 


8 This symbol is in accordance with [EEE Std 91/ANSI Y32.14 and current discussions in IEEE and IEC. See explanation on page 183. 


recommended operating conditions 


ee 


Tt The ambient temperature conditions assume air moving perpendicular to the longitudinal axis and parallel to the seating plane of the device at 
a velocity of 400 feet per minute with the device under test soldered to a4 X 6 X 0,062-inch double-sided 2-ounce copper-clad circuit board, 
* Stresses beyond those listed under ““Absolute Maximum Ratings’’ may cause permanent damage to the device, This is stress rating only and 
functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating Conditions’ 
section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 





* The algebraic convention where the more negative limit is designated as minimum is used in this data sheet for togic voltage levels only. 
NOTE 1: Voltage values are with respect to the ground terminal. 
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electrical characteristics over recommended operating ambient temperature! range (unless otherwise noted) 


- PARAMETER TEST CONDITIONS MIN TYP* MAX | UNIT 
VOH High-level output voltage lon =—4 mA, Vec =4.5V 
VoL __ Low-level output voltage loL=8mA, Vcc =4.5V f ti“‘écO*YCOCY 
| , fe 

















Vj =0V to 5.5 Vv 
loz _ Off-state output current Sat 2V, Vo=O0Vt04.5V, Vcc=5.5V +50; uA | 


TMS 2147-5 18 30 
S=Vin TMS 2147-7 12 20| mA 
TMS 21L47-7 


S=Vip TMS 2147-5 120-180 na 


Standby supply current 








I 
cc1 from Vcc 













Ion =OmA, Ta =0°C | TMS 2147-7 100 160 | mA 


(worst case) 


lcc2 Operating supply current from Vcc 









Peak power-on current 
(see Note 2) 


Vcc = GND to Vcc min, 


S = lower of V or V min 
cen aa TMS 21L47-7 


los Short-circuit output current Vec =5.5V, Vo =GNDtoVcc 
Vj= OV, f= 1 Mie 


i 
Co Output capacitance Vo = 0%, f= 1MHz PS ae 


ac test conditions 








PDUL DUIS TEVEIS:. 2 ilar sat oe oe bee Wee ee Agee es Bee 5 28S Bee wierd: Pic a GND to 3.5 volts 
Input hse-and Tall tIMeS? <o.4. aad cae ahd we oe Goan Gd & wnat a tagantet bl eeU is Rp eke ek are eh aoe Ry a a ee 10 ns 
Input and outputtiming reference levels. <:2:4-5.. 4:04:04 Ach we Wee Bea BW Ae BES Ss Rew eae ae 1.5 volts 
OUTBUEIGARING! .a~% 2.19605 dak soe ee eed Mak, ROA, ee ect see > en ere Re ie ee ee eS See Figure 1 














| TMS 2147-5 i 
PARAMETER rs 2147-5] TNS 21807 UNIT 
MIN MAX] MIN MAX 
ns 


Picea Reodeyeetime SS SOSOCSOSSCCCSY dO 
Pte) Witeeyeletme SS SSCSCSCSOSCSSS HCO 
Pisulay  Addresseuptime SSCSC—“~S*S*s“*S*S*S*S*S*S*~“‘~*~*~s‘“‘“RSC‘SSC*«idL™SC‘ Sid | 

tsu(S) Chip select setup time | 45 =f 55 sons 
Pini) Datahoidtime SSOSCSCSOSOSOSOCOCSCCSSC‘dSS OSCE 
tAVWH Address valid to write enable high 


T The ambient temperature conditions assume air moving at a velocity of 400 feet per minute. 
* Atl typical values are at Vcc =5 V,TpaA= 25°C. 
8 Duration of the short-circuit should not exceed one minute. 












NOTE 2: Ipg exceeds 1¢¢4 Maximum during power on, as shown in Figure 4. All pull-up resistor to Vcc on the S input is required to keep 
the device deselected; otherwise, power-on current approaches Icco. 
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switching characteristics over recommended supply voltage range and operating ambient temperature? range 


TMS 2147-7 

TEST TMS 2147-5 

PARAMETER TMS 21L47-7 | UNIT 
EONPH IONS MIN MAX] MIN MAX 


Access time from chip select 
(see Note 3) 
Access time from chip select 
(see Note 4) 


ta(S)1 


ta(s)2 


Output data valid after 
t 
PYX address change 
Output disable time from RL =510Q, 


t 
PVv2(w) write enable Cy = 30 pF, 





Output enable time from See Figure 1 | 


t 
PZV(W) write enable | 


Output disable time from | 


tpvz(s) 


chip select 


Output enable time from 
tpzv(S) 


chip select 
Power down time from 


t 
pwrdn chip select 





t The ambient temperature conditions assume air moving at a velocity of 400 feet per minute. 
NOTES: 3. Chip deselected for more than 55 ns prior to selection, 
4, Chip deselected for less than 55 ns prior to selection. (If the deselect time is O ns, the chip is by definition selected and access 
time occurs according to read cycle). 


PARAMETER MEASUREMENT INFORMATION 





Vcc 


RL =5102 


OUTPUT 
UNDER TEST 


300 2 C_ = 30pF 


FIGURE 1 — LOAD CIRCUIT 





TTT a TT a ee 
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TYPICAL DC AND AC CHARACTERISTICS 


read cycle timing 


from address 


Ls aa 


ta(A) 
tPpvx 
DATA OUT PREVIOUS DATA VALID RK ‘ x DATA VALID 


W is high, S is low. 


from chip select 


a 















s 
ta(S) 
ra | | vei 
AKKKXO 
DATA OUT HI-Z QS &. QY DATA VALID | 
"la, (ff % 









ee towrdn 


Icc2 
SUPPLY 
CURRENT 


'CC1 


W is high, address is valid prior to or simultaneously with the high-to-low transition of Ss. 


NN Rl 
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TYPICAL DC AND AC CHARACTERISTICS 


write cycle timng 


controlled by write enable 


ee 


| tsu(S) P| | 


XX MLLLLLLLLLL 


Ss 
tAVWH . oa 
tsu(A] [-—— 


( 
i tsu(D) th(D) | 


je rPvziW Py le——tezviw) —| 
DATA OUT INVALID DATA $$ iiz ——K 


controlled by chip select 


fe 


wife (s) _____-___—» | 
su : 


s a ee 
tAVWH Tar 
j<— ww) 
W 


Ss “qa, M!M&B&K§xxzx“zz_ 
71 _ pes Te th) >| 


DATA IN K | atanvauo DATA IN VALID 


fete ziwi my 


DATA OUT INVALID DATA ~——_——_. HH | - 2 ere 


NOTE: If S.goes high simultaneously with W high, the output remains in the high-impedance state. 
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TYPICAL CHARACTERISTICS 


TMS 2147-7 TMS 2147-7 
SUPPLY CURRENT SUPPLY CURRENT 

: vs 
SUPPLY VOLTAGE AMBIENT TEMPERATURET 










Icc2 — Operating Current 


it Icc1 — Standby Current a 
A ie i 


0 
4.546 4.7 48 49 5.0 5.1 5.2 53 54 55 0 10 20 30 40 50 60 70 80 
Vcc — Supply Voltage — V 







Icc — Supply Current —mA 
2 
=) 

icc — Supply Current —mA 








Tac 


FIGURE 2 FIGURE 3 


NORMALIZED POWER-ON CURRENT CHANGE IN ACCESS TIMES 


VS 
SUPPLY VOLTAGE 


A oe el 
ele | gol alsa Ll 
OCA RC 
je 
avaseeeese 


5V 


VS 
OUTPUT LOADING 










icc — Supply Current Relative to Value at Vcc 
Ata(A) and Atays) — Change in Access Times — ns 


0.8 
0.6 
0.4 
0.2 By, 
0 0 /| 
0 0 - 100 200 300 400 500 
Vcc — Supply Voltage — V C. — Load Capacitance — pF 
FIGURE 4 FIGURE 5 
NORMALIZED ACCESS TIMES NORMALIZED ACCESS TIMES 
vs vs 
SUPPLY VOLTAGE AMBIENT TEMPERATURETt 


=5V 
=70°C 





0.7 Pie ee eal 


“45 4.6 4.7 4.8 49 5.0 5.15.2 5.3 54 55 
Vcc — Supply Voltage — V Ta — Ambient Temperature — “6 


Access Times Relative to Value at Vcc 
Access Times Relative to Values at Ta 





FIGURE 6 | FIGURE 7 


t The ambient temperature conditions assume air moving at a velocity of 400 feet per minute. 
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e Previously Called TMS 4045/TMS 40L45 TMS 2114/TMS 2114L 
© 1024 X 4 Organization Sel ees le 
_ DUAL-IN-LINE PACKAGE | 
e Single +5 V Supply (TOP VIEW) 
e High Density 300-mil (7.62 mm) 18-Pin 
Package me Voc 
e Fully Static Operation (No Clocks, No Re- ie ad 
fresh, No Timing Strobe) A4 Ag 
e 4 Performance Ranges: A3 AQ | 
ACCESS READ OR WRITE AO eh 
TIME CYCLE ne 563 
(MAX) (MIN) | 
TMS 2114-15, TMS 2114L-15 150 ns 150 ns A2 DQ3 
TMS 2114-20, TMS 2114L-20 -200ns ~=—S 200 ns $ Baa 
TMS 2114-25, TMS 2114L-25 250 ns 250 ns a 





TMS 2114-45, TMS 2114L-45 450ns  450ns Vss 


e 400-mV Guaranteed DC Noise Immunity 
with Standard TTL Loads — No Pull-Up 
Resistors Required 


@ Common I/O Capability PIN NAMES 


e 3-State Outputs and Chip Select Control for ae acess 
: was DQ Data In/Data Out 
OR-Tie Capability = 
S Chip Select 
e Fan-Out to 2 Series 74, 1 Series 74S, or 8 Vcc +5 V Supply 
Series 74LS TTL Loads Vss Ground 
@ Low Power Dissipation = 



















W Write Enable 





MAX MAX 
(OPERATING) (STANDBY) 
TMS 2114 550 mW 170 mW 
TMS 2114L 330 mW 110 mW 
description . 


This series of static random-access memories is organized as 1024 words of 4 bits each. Static design results in reducing 
overhead costs by elimination of refresh-clocking circuitry and by simplification of timing requirements. Because this 
series is fully static, chip select may be tied low to further simplify system timing. Output data is always available during 
a read cycle. | 


All inputs and outputs are fully compatible with Series 74, 74S or 74LS TTL. No pull-up resistors are required. This 4K 
Static RAM series is manufactured using TI‘s reliable N-channel silicon-gate technology to optimize the cost/performance 
relationship. Sub 450 ns max access versions are characterized to retain data at Vcc = 2.4 V to reduce power dissipation. 


The TMS 2114/2114L series is offered in the 18-pin dual-in-line plastic (NL suffix) package designed for insertion in 
mounting-hole rows on 300-mil (7.62 mm) centers. The series is guaranteed for operation from 0°C to 70°C. 
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operation 
addresses (A0-A11) 


The ten address inputs select one of the 1024 4-bit words in the RAM. The address inputs must be stable for the dura- 
tion of a write cycle. The address inputs can be driven directly from standard Series 54/74 TTL with no external pull- 
up resistors. 


chip select (S) 


The chip-select terminal, which can be driven directly from standard TTL circuits, affects the data-in and data-out 
terminals. When chip select is at a logic low level, both terminals are enabled. When chip select is high, data-in is inhi- 
bited and data-out is in the floating or high-impedance state. 


write enable (W) 


The read or write mode is selected through the write enable terminal. A logic high selects the read mode; a logic low 
selects the write mode. W or S must be high when changing addresses to prevent erroneously writing data into a memory 
location. The W input can be driven directly from standard TTL circuits. 


data-in/data-out (DO1-DQ4) 


Data can be written into a selected device when the write enable input is low. The DQ terminal can be driven directly 
from standard TTL circuits. The three-state output buffer provides direct TTL compatibility with a fan-out of two 
Series 74 TTL gates, one Series 74S TTL gate, or eight Series 74LS TTL gates. The DO terminals are in the high- 
impedance state when chip select (S) is high or whenever a write operation is being performed. Data-out is the same 
polarity as data-in. 


standby operation (TMS 2114/TMS 2114L-15, -20, -25) 


The standby mode, which will retain data while reducing power consumption, is attained by reducing the Vcc supply 
from 5 volts to 2.4 volts. When reducing supply voltage during the standby mode, S and W must be held high to retain 
data. The Vcc transition rate must not exceed 26 mV/ms. During standby operation, data can not be read or written 
into the memory. When resuming normal operation, five cycle times must be allowed after normal supplies are returned 
for the memory to resume steady state operating conditions. 
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absolute maximum ratings over operating free-air temperature (unless otherwise noted) * 


Supply Voltage; Voc (sce Note'l) 226490 oee veh eee eee es ee ee Ree eee ele we o Catecdtars —0.5to7V 
Inputvoltage-. (any Input) (Gee NOte dt) vaca ak ye Sid ea See wR OS een we eee bee ta tala 4 —1to7V 
CONTINUOUS POWERCISSIDATION, 4 .%.o 3 -e 8 oo ees we ea ee a on oan wa ee oc be et ee Rae oe Sew ee 1W 
Operating tree-air temperature range. 4-0. s entaceie cd eke Ste ee ee en we SE ee ee O°C to 70°C 
Storage temperature (ange: 4.2 sav bb wh deh ta oe RS eS Be a SE eee Mle Se ews —55 C to 150 C 


NOTE 1: Voltage values are with respect to the ground material. 


* Stresses beyond those listed under “Absolute Maximum Ratings’’ may cause permanent damage to the device, This is a stress rating only and 
functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating Conditions” 
section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device retiability. 


logic symbolt 




















RAM 1024x4 
AO 0 
Al 
A2 
A3 
AA 0 
A-—_ 

me 1023 
AG 
A7 FUNCTION TABLE 
Ag Pwfes {oe | parpas | move 
: ‘ VALID DATA WRITE 
i PH | t | Lt | DATA OUTPUT READ 

a1 DEVICE DISABLED 
WwW 1EN [READ] OUTPUT DISABLED 


1C2 [WRITE] 


tThis symbol is in accordance with lEEE Std 91/ANSI Y32.14 and 
current discussions in IEEE and IEC, See explanation on page 183. 


recommended operating conditions 


TMS 2114-15, TMS 2114L-15 
PARAMETER TMS 2114-20, TMS 2114L-20 
TMS 2114-25. TMS 2114L-25 


Highievel inputvoltage, Vip —CSCSCSCCtC‘“‘“dSSC 





NOTE 2: The algebraic convention where the more negative (less positive) limit is designated as minimum is used in this data sheet for logic 
voltage levels only. 
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TMS 2114 NL; TMS 2114L NL 
1024-WORD BY 4-BIT STATIC RAMS 





electrical characteristics over recommended operating free-air temperature range 
(unless otherwise noted) 


[Vou High evel voltge ——(igg==1ma™™ __—Veg=MIN (operating id 2a 
[vou _Lowievel voriage | 19, =3.2ma** “Veg =MIN (operating) «di —SSCSCSCSC~t 
Pi tnputeurrent SSCS Wye OVNOMAR Sd 


MAX 
| Off-stat tput t Sera: V 0 V to MAX 10 
-state Output curren oe = ie) + 
02 3 W at 0.8 V 0 
70 
60 
45 


2.4 
= 90 
Io =O mA, Voc = 2.4 V* 
Supply current from Vcc : 
Ta = 0 C (worst case) Vcc = MAX 
TMS 2114L 
35 
C Input it we oe 
n 
nput capacitance a ae 
utput capacitance 
7 cei f=1MHz 


Voe= MAK 
TMS 2114 ce 
mA 
Veon2ave | 3548) 
T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 





¥ All typical values are at Vcc = 5 V, Ta = 25°C. 
* TMS 2114/TMS 2114L-15, -20, -25 only. 
** TMS 2114/TMS 2114L-45: loy = —200 HA, lot = 2 MA. 


timing requirements over recommended supply voltage range, TA =0°C to 70°C 1 Series 74 TTL 
load Cy. = 100 pF 


PARAMETER 
TMS 2114L-15 TMS 2114L-20 TMS 2114L-25 TMS 2114L-45 
tameren | ne MIN MAX | MIN MAX 
iwi) Write puise wish‘ 80———d 
Ceeula) Address set uptime [0 —*d 
Fiuls) Chip selectsetuptime | 80 3 
ar ee 
Co 
a p30 


tsu(D) Data set up time 
th(D) Data hold time 
th(A) Address hold time 


IN M 
0 
0 
0 
0 
0 
0 


5 
5 
0 
0 
0 
2 
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TMS 2114 NL; TMS 21141 NL 
1024-WORD BY 4-BiT STATIC RAMS 





switching characteristics over recommended voltage range, TA = 0°C to 70°C, 1 Series 74 TTL 
load, Cy, = 100 pF 


PARAMETER 


ta(A) Access time from address 


Access time from chip select 


t 
a(S) (or output enable) low 


ta(w) Access time from write enable high 


tpyx Output data valid after address change 
Output disable time after chip select 





t 
PVZ,S (or output enable) high 


tpyz,w Output disable time after write enable low 


read cycle timing** | 





ADDRESS, A 


CHIP SELECT, S 






De 
PX 


OUTPUT DATA, Q 


All timing reference points are 0.8 V and2.0V on inputs and 0.6 V and 2.2 V on outputs (90% points). Input rise and fall times equal 10 
nanoseconds. 
**Write enable Is high for a read cycle. 
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1024-WORD BY 4-BIT STATIC RAMS 





early write cycle timing 


te(wr) | 


Vi | : 
XYXKXKX) ’ (XXXX) 
VIL YY KKK 
tsu(A) — th(A) —-—— 
<. VE be. ww I 
WRITE ENABLE, W 


VIL 


VIH | 
t 
CHIP SELECT,S seas 
VIL , ee 


le—tssi0 > | ie es 


VIH , 
INPUT DATA, D 
VIL 


(AAR AAAAAAAAAAAAAAAS FOI 
OR RRARNAY DONT CARE A RY RKLYRKY 





XX AA (VY YVYYY' XY OOO AY VAX 


VOH 
OUTPUT, Q 
VOL 








read-write cycle timing 


VIH 
ADDRESS, A 
VIL 
be star nia—jo—ol 
- ViH 
WRITE ENABLE, W 
VIL 


VIL 


_ Vw -eaeanieata rs 
CHIP SELECT,S | : 





V 
js \XYXKKX) 


‘ \ 
LRA ASV 
RR vaio RK 
6444666644064 VALID 
PRON | RXR 
| ta(S) + le—>}- tPVZ,W on tpvzs 


VOH 
VOL | y : 
be nel 


» 


INPUT DATA, D 
VIL 


applications data 


Early write cycle avoids DO conflicts by controlling the write time with S. On the diagram above, the write operation 
will be controlled by the leading edge of S, not W. Data can only be written when both S and W are low. Either S or W 
being high inhibits the write operation. To prevent erroneous data being written into the array, the addresses must be 
stable during the write cycle as defined by tsy(A), tw(W), and th(A)- 
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e 2K X 8 Organization TMS 4016 
24-PIN PLASTIC 

e Single +5 V Supply DUAL-IN-LINE PACKAGE 
e Fully Static Operation (No Clocks, No Re- (TOP VIEW) | 

fresh) 

: Vcc | 

e JEDEC Standard Pinout es | 
@ 24-Pin 600 (15.2 mm) Mil Package Config- rc 

uration 7 
e Plug-in Compatible with 16K 5 V EPROMs re 
e 8-Bit Output for Use in Microprocessor- A10 

Based Systems | s 
@ Max Access/Min Cycle ... 450 ns pas 
e Tri-State Outputs with S for Or-ties oe 

= pas 
e G Eliminates Need for External Bus Buffers ae 
@ Common I/O Capability pa4 





e All inputs and Outputs Fully TTL Compatible 


e Fanout to Series 74, Series 74S, or Series 74LS 
TTL Loads 


e N-Channel Silicon-Gate Technology 
Addresses 









e Power Dissipation Under 475 mW Max 





u J Data In/Data Out 
e Guaranteed dc Noise Immunity of 400 Chip Select 
with Standard TTL Loads Output Enable 


Write Enable 
Ground 
+5 V Supply 


description 


The TMS 4016 static random-access memory is organized as 2048 words of 8 bits each. Fabricated using proven 
N-channel, silicon-gate MOS technology, the TMS 4016 operates at high speeds and draws less power per bit than 4K 
static RAMs. It is fully compatible with Series 74, 74S, or 74LS TTL. Its static design means that no refresh clocking 
circuitry is needed and timing requirements are simplified. Access time is equal to cycle time. A chip select control is 
provided for controlling the flow of data-in and data-out and an output enable function is included in order to eliminate 
the need for external bus buffers. 


Of special importance is that the TMS 4016 static RAM has the same standardized pinout as Tl‘s compatible EPROM 
family. This, along with other compatible features, makes the TMS 4016 plug-in compatible with the TMS 2516 (or 
other 16K 5 V EPROMs). Minimal, if any modifications are needed. This allows the microprocessor system designer 
complete flexibility in partitioning his memory board between read/write and non-volatile storage. 


The TMS 4016 is offered in the plastic (NL suffix) 24-pin dual-in-line package designed for insertion in mounting hole 
rows on 600-mil (15.2 mm) centers. It is guaranteed for operation from 0°C to 70°C. 


TURN TO PAGE 93 FOR EXPLANATION OF TMS 4016—16K 5V EPROM COMPATIBILITY. 
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TMS 4016 NL 
2048-WORD BY 8-BIT STATIC RAM 





operation 
addresses (AQ-A10) 


The eleven address inputs select one of the 2048 8-bit words in the RAM. The address-inputs must be stable for the 
duration of a write cycle. The address inputs can be driven directiy from standard Series 54/74 TTL with no external 
pull-up resistors. 


output enable (G) 


The output enable terminal, which can be driven directly from standard TTL circuits, affects only the data-out terminals. 
When output enable is ata logic high level, the output terminals are disabled to the high-impedance state. Output enable 
provides greater output control flexibility, simplifying data bus design. 


chip select (5) 


The chip-select terminal, which can be driven directly from standard TTL circuits, affects the data-in/data-out terminals. 
When chip select and output enable are at a logic low level, the D/O terminals are enabled. When chip select is high, 
the D/O terminals are in the floating or high-impedance state and the input is inhibited. 


write enable (W) 


The read or write mode is selected through the write enable terminal. A logic high selects the read mode; a logic low 
selects the write mode. W must be high when changing addresses to prevent erroneously writing data into a memory 
location. The W input can be driven directly from standard TTL circuits. 


data-in/data-out (DO1-DQ8) 


Data can be written into a selected device when the write enable input is low. The D/O terminal can be driven directly 
from standard TTL circuits. The three-state output buffer provides direct TTL compatibility with a fan-out of one 
Series 74 TTL gate, one Series 74S TTL gate, or five Series 74LS TTL gates. The D/O terminals are in the high impe- 


dance state when chip select (S) is high or whenever a write operation is being performed. Data-out is the same polarity 
as data-in. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) * 


supply Voltage: Vee (see ote I. as 6.4 bce anne wat dower ee a gala dkd bd ewe ed ale —0.5to7V 
Input voltage (any input) (see Note 1)... ee eee ee ee en eee ee eee —0.5to7V 
Continuous power dissipation 3 i.5084 54a «eee se Bein hE a ES eer dS Be eS Ee a i os we 1W 


Operating free-air temperature range 6. ee ee ee ee ee eee ees 0°C to 70°C 
Storage temperature range 


NOTE 1: Voltage values are with respect to the ground terminal, 

* Stresses beyond those listed under “Absolute Maximum Ratings’‘ may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating Conditions’’ 
section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
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2048-WORD BY 8-BIT STATIC RAM 


- 





logic symbolT 


RAM 2048x8 
AO (8) 


ne (7) 


(6) 
A2 


AB (5) 


wa (4) 


AS (3) 


AG (2) 
(1) 


A7 


AB (23) 


(22) 
(19) 


ah |wWos GE! papas 
(20) Tek x | van pata [ware 
Bi TH LL _| bata oureuT | READ 
p—11.2 EN [READ) EEC ee __ eve bisascen 
1-Z 


1C3 [WRITE] OUTPUT DISABLED 


A10 


Q| al 


S| 


pai! 


(10) 
DQ2 

(11) 
DO3 

(13) 
DQ4 

(14) 
DOS 

(15) 
DQ6 

(16) 
DQ7 

(17) 
DOs 





TThis symbol is in accordance with !EEE Std 91/ANSI Y32.14 and current discussions in IEEE and JEC. See explanation on page 183. 


recommended operating conditions 











PARAMETER MIN NOM MAX | UNIT 
Supply voltage, Vcc 4.75 5 5.25 


[supply voltage, Vgg_SCCSCSC“‘SCSCSCSCSCSC“‘SCNSCONSCSC“‘#N Ss Cid 
TLowslevelinputvose, Vi 


o) 
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TMS 4016 NL 
2048-WORD BY 8-BIT STATIC RAM 





electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYPt MAX | UNIT 
lOH = —200 uA Voc = 4.75 V eee eee or (cl 
ae ion= 2A Vee = 4.75 V nse 5 a 


i) Inputcurrent = current =QV to 5.25 V 


Sorbinaver Vg =0to 5.25 V 
Off-state output current 
W at 0.8 V 








Suppl t from V ye Voc = 5.25 V 
u current from 
gi oe er 0°C (worst case) — 
G______Trputeapacitanes y f= Me eset 1a 


Co Output capacitance 


Tt All typical values are at Veco =5V,Tpa= 25°C, 


timing requirements over recommended supply voltage range and operating free-air temperature range 








UNIT 


tsu(D) Data setup time 

th(A) Address hold time 
th(D) Data hold time 

tT(A) Address transition time 


tGHWL ‘Time interval, output enable high before write low 
tWLSL Time interval, write low before chip select low 
tWHGL Time interval, write high before output enable low 


tGLSH Time interval, output enable low before chip select high 





switching characteristics over recommended voltage range, T A = 0°C to 70°C, 1 series 74 TTL load, 
CL = 100 pF 





MIN TYPt MAX 
Teta) Accemimetomederes SSCS 
Access time from chip 
Access time from output 
eo Output data valid after 10 80 Fons | 
address change 
Output disable time after 
Output disable time after 
*PVZ,G output enable high 20) ms | 


T Alt typical values are at Voc = 5 V, Ta = 25°C. 
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read cycle timing** 


VIH 
ADDRESS, A 
VIL 


VIH 
CHIP SELECT, S 


Vio 
OUTPUT ENABLE, G 


VIL 





| 
le—ey— ta(G) | | 


HI~Z Hi-Z 


VOH 





OUTPUT DATA, Q ; 
VOL l 


etal ——+| 


All timing reference points are 0.8 V and 2.0 V on inputs and 0.6 V and 2.2 V on outputs (90% points). Input rise and fal! times equal 10 
nanoseconds, 
** Write enable is high for a read cycle, 


early write cycle timing 


{-——_ $$ tee wr) 
| 





CAD /\/KA/ 
ADDRESS, A RAN) 
VIL (YYYYY'\ 
b}-—+- tut) th(A) —}¢———+ 
_ Vin a 9 aan ee 
WRITE ENABLE, W | | 
VIL | 
VIH 
CHIP SELECT, S | 
Vie | 
VIH 


OUTPUT ENABLE, G 


VIL 





| elie) 





































VP AAAKKKAIERRIKKAAAIAIA RIAA IAAARIARAATY AAKAAKKA 
OKKX KKK KKK YY Y's OXKKXKKXKX KN Cc va XXXXXXKK ) 
NPUT DATA, LXKYYYYYY) DON'T CARE XXX XXX KX KKK ¢ () 
cena a ARAN RR HUN OO KR KIA ae CNG 
V 
OUTPUT, QO ~ HI—Z 
VOL 
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e 1K X 8 Organization TMS 4008 
24-PIN PLASTIC 
e Single +5 V Supply DUAL-IN-LINE PACKAGE 
e Fully Static Operation (No Clocks, No Re- (TOP VIEW) 
fresh) 
pe Vec 
e JEDEC Standard Pinout 
AG AB 
e 24-Pin 600 (15.2 mm) Mil Package Config- Re A 
uration = 
A4 W 
e Plug-in Compatible with 8K 5 V EPROMs A3 oF 
e 8-Bit Output for Use in Microprocessor- A2 AR* 
Based Systems At as 
e Max Access... 450 ns AO pas 
e Tri-State Outputs with CS for OR-Ties se pat 
ae paz a6 
e OE Eliminates Need for External Bus Buffers e 
| Da3 DQ5 
e Common I/O Capability Vss pas 








e All Inputs and Outputs Fully TTL Compatible 


e Fanout to Series 74, Series 74S, or Series 74LS 
TTL Loads 


e N-Channel Silicon-Gate Technology 


* AR tied to Vy, if TMS 4008-NLO 
Vi if TMS 4008-NL1 









PIN NOMENCLATURE 
Addresses 
Array Select 
Data In/Data Out 
Chip Select 
Output Enable 
Write Enable 
Ground 
+5 V Supply 


e Power Dissipation Under 475 mW Max 






e Guaranteed dc Noise Immunity of 400 mV 
with Standard TTL Loads 







DQ1-DQ8 
cs 
atite iE OE 











description 


' The TMS 4008 static rar m-access memory is organized as 1024 words of 8 bits each. Fabricated using proven 
N-channel, silicon-gate MOS technology, the TMS 4008 operates at high speeds and draws Jess power per bit than 4K 
static RAMs. It is fully compatible with Series 74, 74S, or 74LS TTL. Its static design means that no refresh clocking 
circuitry is needed and timing requirements are simplified. Access time is equal to cycle time. A chip select control is 
provided for controlling the flow of data-in and data-out and an output enable function is included in order to eliminate 
the need for external bus buffers. 


Of special importance is that the TMS 4008 static RAM has the same standardized pinout as Tl’s compatible EPROM 
family. Minimal, if any modifications are needed. This allows the microprocessor system designer complete flexibility in 
partitioning his memory board between read/write and non-volatile storage. 


The TMS 4008 is offered in the plastic (NL suffix) 24-pin dual-in-line package designed for insertion in mounting hole 
rows on 600-mil (15.2 mm) centers. It is guaranteed for operation from 0°C to 70°C. 


COMPLETE INFORMATION MAY BE OBTAINED FROM YOUR LOCAL T! SALES OFFICE OR AUTHORIZED DISTRIBUTOR LISTED 
NEAR THE FRONT OF THIS DATA BOOK. 
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EPROM COMPATIBILITY 


All Tl EPROMs are pin compatible with each other and with industry standard ROMs. Tl EPROMs fall into two general 
categories: single +5 V power supply and triple supply (+12, +5, —5 V). +5 V EPROMs range in density from 8K to 64K; 
triple supply devices from 8K to 16K. Pinouts for these devices are shown below. 


+5 V Supply 


TMS 2564 
64K 


csi 


TMS 2532 AG 
32K AS 


TMS 2516 
16K 


TMS 2508 
8K 





* Connected internally, Vc¢ need be supplied to only one of these two pins, 


Triple Supply 


TMS 2716 
16K 


A7 
A6 


TMS 2708 
8K 


PBRROEDSBBEB 
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. Industry standard 5 V ROM pinouts are listed in the table below. 





24 PIN ROM 
A7 1 24 Vcc 
AB 2 23 A8 
A5 3 22 AQ 
Ad 4 21 
A3 5 20 
A2 6 19 
Al 7 18 
AO 8 17 Q8 
Qi 9 16 Q7 
Q2 10 15 Q6 
Q3 11 14 Q5 
Vss 12 13 Q4 


Upgrading between any two consecutive EPROM densities requires at most one jumper (if programming is done outside the 
system). Switching from 5 V EPROM to 5 V ROM also requires at most one jumper. 


64K EPROM — 64K ROM 


Tl‘s 64K EPROM, the TMS 2564, bridges the gap between 24-pin and 28-pin devices. This is because the lower 24 pins of Tl’s 
64K EPROM are identical to the industry standard 64K ROM. Once the 28-pin socket is designed in, switching from EPROM 
to ROM isstraight forward. Upgrading from 32K EPROM to the TMS 2564 is just as simple once the 28-pin socket is reserved. 


RAM - EPROM COMPATIBILITY 
TMS 4016 - TMS 2516 


TMS 4016 TMS 2516 
2K X 8STATIC RAM 2K X 8 5V EPROM 

A7 1 24 Vcc A7 1 Vcc 
AG 2 23 A8 AG 2 A8 
AS 3 22 AQ AS 3 Ag 
A4 4 21 W* Aa 4 Vpp* 
A3. 5 20 OE * A3 5 cs* 
A2 6 19 A10 A2 6 A10 
Al 7 18 CS* Al 7 PD/PGM* 
AQ 8 17 Das AO 8 a8 
pai 9 16 DQ7 Qi 9 Q7 
DQ2 10 15 DQ6 a2 100 Q6 
DQ3 11 14 DOS 03 11 Qs 
Vss 12 13 DQ4 Vss 12U Q4 





*These pins though apparently different are compatible when switching to the TMS 2516, 


Memory boards may now he desianed with essentially one pinout type, leaving read/write versus read-only partitioning deci- 
sions until later. T!’s TMS 4016 static RAM is plug-compatible with 16K 5 V EPROMs. Extensive compatibility exists between 
the TMS 4016 and TMS 2516. Both the TMS 4016 and TMS 2516 have a 2K X 8 organization. Both come in 600 mil, 24-pin 
DIP packages. As can be seen above all addresses, data-in/data-out, and Vss and Vcc are on the same pins on both devices. 
And the three other pins, 18, 20, and 21 are also compatible. Compatibility also applies to input and output currents and 
voltages and to timing requirements. To find out more please write: Texas Instruments, P.O. Box 1443, M/S 6965, Houston, 
Texas 77001, for the RAM-EPROM Compatibility Application Brief. Or call or write your nearest TI sales office or authorized 
distributor. 
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@ Organization...1K x 8 TMS 2508 
© Single +5 V Power Supply 24-PIN CERPAK 


@ Pin Compatible with Existing ROMs and Oe ae me 
EPROMs (8 K, 16 K, and 64 K) 


e JEDEC Standard Pinouts Al 
@ All inputs/Outputs Fully TTL Compatible oo 
@ Static Operation (No Clocks, No Refresh) 
@ Fast... Down to 250 ns 

@ 2 Performance Ranges 


Vcc 


> 
wo 
OY MH PWHN 








; A NC 
Max Access/Min Cycle ; Sen 
TMS 2508-25 250 ns a 
TMS 2508-30 300 ns AQ Q8 
e 8-Bit Output for Use in Microprocessor- Q1 9 Q7 
Based Systems Q2 10 Q6 
@ N-Channel Silicon-Gate Technology OS) Ve: Q5 
@ 3-State Output Buffers Vss 12 Uf: Q4 
@ Low Power 
— Active ...250 mW Typical PIN NOMENCLATURE 
— Standby. ..50 mW Typical 
‘ ; ; A(N) Address Inputs 
@ Guaranteed dc Noise Immunity with cS Chip Select 
Standard TTL Loads PD/PGM Power Down/Program 
@ No Pull-Up Resistors Required NC No Internal Connection 
Q(N) Input/Output 
Vcc +5 V Power Supply 
Vpp +25 V Power Supply 
Vss 0 V Ground 
description 


The TMS 2508 is a high-speed 8192-bit, ultraviolet light erasable, electrically programmable read-only memory. It is 
fabricated using N-channel silicon-gate technology for high speed and simple interface with MOS and Bipolar circuits. 
All inputs (including program data inputs) can be driven by Series 74 TTL circuits without the use of external pull- 
up resistors, and each output can drive one Series 74 TTL circuit without external resistors. The data outputs are three- 
state for OR tying multiple devices on a common bus. 


Both versions operate from a single +5-V supply (in the read mode), making them ideal! for use in microprocessor 
systems. One other (+25 V) supply is needed for programming but all programming signals are TTL level, requiring a 
single 50-ms. pulse. For programming outside the system, existing 5-V EPROM programmers can be used. Locations 


may be programmed singly, in blocks, or at random. Total programming time for all bits for the TMS 2508 is 50 
seconds. 


Devices are offered in a 600-mil (15.2-mm) cerpak (JL suffix) package rated for operation from O°C to 70°C. 
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TMS 2508 JL 
FAST 1024-WORD BY 8-BIT 
ERASABLE PROGRAMMABLE READ-ONLY MEMORY 





operation 


FUNCTION OUTPUT POWER START INHIBIT PROGRAM 
DISABLE DOWN PROGRAMMING | PROGRAMMING | VERIFICATION 












PO/PGM Vit Pulsed Vito Vin 
cso Td Dontcare | | Cd] SY 


< 






V\ 
V| 
21 
ST uz [| wz | Oo | wz | a 


read/output disable 


When the outputs of two or more TMS 2508's are commoned on the same bus, the output of any one device in the cir- 
cuit can be read with no interference from the competing outputs of the others. The TMS 2508 whose output is to be 
read should have a low-level TTL signal applied to the CS and PD/PGM pins. All other 2508's in the circuit should have 
their outputs disabled by applying a high-level signal to at least one of these same pins. (PD/PGM can be left low, but it 
may be advantageous to power down the device during output disable). Output data is accessed at pins Q1 to O8. Data 
can be accessed in 250 or 300 ns = ta(a). (Access time from CS is 125 or 150 ns = ta(cs), once the addresses are stable). 


power down 


Active power dissipation can be cut by 70% by applying a high TTL signal to the PD/PGM pin. tn this mode all outputs 
are in a high-impedance state. 


erasure 


Before programming, the TMS 2508 is erased by exposing the chip through the transparent lid to high-intensity ultra- 
violet light (wavelength 2537 angstroms). The recommended minimum. exposure dose (= UV intensity X exposure 
time) is fifteen watt-seconds per square centimeter. A typical 12-milliwatt-per-square-centimeter, filterless UV lamp will 
erase the device in about 21 minutes. The lamp should be located about 2.5 centimeters above the chip during erasure. 
After erasure, all bits are in the high state. 


start programming 


After erasure, logic lows are programmed into the desired locations. A low can be erased only by ultraviolet light. The 
programming mode is achieved when Vpp is 25 V and CS is at Vj}. Data is presented in parallel (8 bits) on pins Q1 to 
Q8. Once addresses and data are stable, a 50 millisecond TTL high-level Pulse should be applied to the PD/PGM pin for 
each address location to be programmed. Maximum pulse width is 55 milliseconds. Locations can be programmed in 
any order. More then one TMS 2508 can be programmed when the devices are connected in parallel. 


inhibit programming 


When two or more TMS 2508's are connected in parallel, data can be programmed into all devices or only chosen devices. 
Devices not intended to be programmed (i.e., inhibited) should have a low level applied to the PD/PGM pin and a high- 
level applied to the CS pin. 
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program verification 


A verify is done to see if the device was programmed correctly. It can be done on each location 
immediately after that location is programmed and can be done at any time. To do a verify Vpp may be 
kept at +25 V. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 


Supply voltage, Vcc (see Note 1) 2... cc cece cece ee ence eect e cree esensanessceeseeees —0.3to6V 
Stioply voltage, Vpp (see Notes) 4.6. eeuaae ve dessa ceaulentsey ed ane wee mean bere eu sane. —0.3 to 28V 
Allinput voltages (see Note 1) 0... ccc ccc cece cece ence tere nee eeeeeteeeeeuees -0.3to6V 
Output voltage (operating with respect tOVSS) ....... ccc ccc cece ee ete e teen eeenees -0.3to6V 
Operating free-air temperature range ........ ccc cece eee eee eee n eee eeenennetees 0°C to 70°C 
Storage temperature range .. 1... ccc cece cece ee eee teen nena eeeeeeeees —55°C to 125°C 


NOTE 1: Under absolute maximum ratings, voltage values are with respect to the most-negative supply voltage, Vss (substrate). 





*Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions beyond those indicated in the “Recommended Operating Conditions” section of this specification is 
not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 


logic symbolt 


EPROM 1024x8 


AO (8) ‘ 


re (7) 


A2 (6) 


a (5) 


re (4) 
Me (3) 


AG (2) 


AT (1) 


AS (23) 


Ag (22) 9 


(18) 


PD/PGM 
a 


ts (20) << 





(10) 02 
(11) 03 
(13) 04 
(14) Os 
(15) as 
(16) 07 
(17) og 





TThis symbol is in accordance with [EEE Std 91/ANSI Y32.14 and current discussions in IEEE and IEC. See explanation on page 183. 





TEXAS INSTRUMENTS . 97 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


98 


TMS 2508 JL 
FAST 1024-WORD BY 8-BIT 
ERASABLE PROGRAMMABLE READ-ONLY MEMORY 





recommended operating conditions 


Pp —“‘SCC#”#UPARAMETERS———“—‘—™S™SCSCSsTS MINN, NOM MAX 
ES 
2 


High-level input voltage, ViH 
Low-level input voltage, VIL —0.1 0.8 
Read cycle time, ta(rd) For TMS 2508-25 


Read cycle time, tc(rq) For TMS 2508-30 300 
Operating free-air temperature, Ta 0 





NOTES: 2. Vec must be applied before or at the same time as Vpp and removed after or at the same time as Vpp. The device must not be in- 
serted into or removed from the board when Vcc or Vpp is applied so that the device is not damaged. 
3. Vpp can be connected to Vcc directly (except in the program mode). Vcc supply current in this case would be Ic¢c + Ipp. During 
programming, Vpp must be maintained at 25 V (+ 1V). 


electrical characteristics over full range of recommended operating conditions 


10 
a 
(during program pulse) 


Icc2 Vcc supply current (active) CS = PD/PGM = Vi, 50 85 





tTypical values are at Ta = 25°C and nominal voltages. 
*AC timing measurements made with 50% pattern and at 90% points. 


capacitance over recommended supply voltage and operating free-air temperature range 
f = 1MHz | | 


PARAMETER 
C Input capacitance V, = OV, f = 1 MHz a ae 





: 7 
Co Output capacitance Vo = OV, f = 1 MHz 8 12 


tAll typical values are Ta = 25°C and nominal voltage. 
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switching characteristics over full ranges of recommended operating conditions (see note 4) 


ITION 
PARAMETER TEST CONDITIONS 
(SEE NOTE 4) 
ta(A) Access time from address 
ta(CS) | Access time from chip select 


tpyvx Output not valid from address change 
Output disable time from chip 








'PXZ deselect during read only 
tpxz Output disable time from chip deselect CL = 100 pF, : 
during program and program verify 1 Series 74 TTL load 
trs= 20ns, 125 150 ns 
tf= 20ns 
Output disable time from PD/PGM 
tPXZ during standby 0 100 0 100 
ta(PD) | Access time from power down 250 300 pons | 


T All typical values are at Lae 25°C and nominal voltages. 


NOTE 4. For all switching characteristics and timing measurements, input pulse tevels are 0.8 V to 2.0 V and Vpp = 25 V + 1 V during pro- 
gramming. 
All AC and DC measurements are made at 10% and 90% points with a 50% pattern, 


recommended timing requirements for programming TA = 25°C (see Note 4) 


PARAMETER 
tw(PR) Pulse width, program pulse 
tr(PR) Rise time, program pulse 
tf(PR) Fall time, program pulse 
tsu(A) Address setup time 


tsu(CS) Chip-select setup time 
tsu(D) Data setup time 
tsu(Vpp Setup time from Vpp 
th(A) Address hold time 
thics) Chip-select hold time 
th(D) Data hold time 





tTypical values are at nominal voltages. 


NOTE 4. For all switching characteristics and timing measurements, input pulse levels are 0.8 V to 2.0 V and Vpp = 25 V + 1 V during 
programming, 
All AC and DC measurements are made at 10% and 90% points with a 50% pattern. 
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read cycle timing 
| 


V 
ee. ey OY 


, —>| tPvx ara 


BI 
= 
I 


| 
| | 
Vv 
IL ) | | 
| t | 
1H ' 
PD/PGM | | | 
l | 
ViL 
| —ta(Cs) +~— —>| [+—tpxz 
ven ~+---— ta(A) 
Vv 
OL | } 
standby mode 


ViH 
ADDRESSES ADDRESS N ADDRESSN+m 
Vit 


| 
{ \ 
| | 
PD/PGM ViH | 
| STANDBY i ACTIVE 
ViL 7 
|< 


texz | ta(pp)t | 
VOH 
Q1-a8 VALID ) H1-Z VALID 
VOL 


NOTE: CS must be in low state during Active Mode, “Don’t Care” otherwise. 
Tta(pp) referenced to PD/PGM or the address, whichever occurs last. 
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program cycle timing 


PROGRAM 
}~<«——___- PROGRAM eee ae 
VERIFY 














| | 
| 
VOH/VIH 


01-08 DATA OUT DATA IN HI-Z pe 
VoL/VIL 


| 
VIH | 
ADDRESSES | 
Vib 
Vin | 
= 3 | | : | 
Vie | | | betwiPR) | | | 
| ) ! | | , es | | 
x — tsulGs ars thio | | | 
y | tsu(D) | l 
PD/PGM ifs | | | =) | 
: | 
IL | triPR)  —t = | 7 | 
| tsu(Vpp) > —_— te ts(PR) r 
{ ~ | | | | 
+25 V 
Vpp | | | 
+5 V | | 
| | 
| 
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MOS | TMS 2516 JL AND TMS 2516-35 JL 
LSI 16,384-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 


DECEMBER 1979 





e Organization...2K X8 
24-PIN CERPAK 
e Single +5 V Power Supply DUAL-IN-LINE PACKAGE 


e Pin Compatible with Existing ROMs and cis a 
EPROMs (8K, 16K, 32K, and 64K) 





A7 1 Vcc 
e JEDEC Standard Pinout AG 2 A8 
e All Inputs/Outputs Fully TTL Compatible A5 3 AQ 
e Static Operation (No Clocks, No Refresh) oe NEP 
e Max A /Min Cycle Ti Ses re 
ax Access/Min Cycle Time A2 6 A10 
— TMS 2516-35... 350 ns Al 7 PD/PGM 
— TMS 2516... 450 ns AO 8 a8 
e 8-Bit Output for Use in Microprocessor- Q1 9 Q7 
Based Systems Q2 10 Q6 
e N-Channel Silicon-Gate Technology Q3 11 Q5 
e 3-State Output Buffers Vss 12 04 


e Low Power 


— Active ...285 mW Typical PIN NOMENCLATURE 


. AI(N A . 
— Standby ...50 mW Typical Al cetees pure 
CS Chip Select 
e Guaranteed DC Noise Immunity with PD/PGM Power Down/Program 


Standard TTL Loads Q(N) Input/Output 


Vcc +5 V Power Supply 


e No Pull-Up Resistors Required 
Vpp +25 V Power Supply 


Vss OV Ground 





description 


The TMS 2516 and TMS 2516-35 are 16 ,384-bit, ultraviolet-light erasable, electrically programmable read-only memories. 
These devices are fabricated using N-channel silicon-gate technology for high speed and simple interface with MOS and 
bipolar circuits. All inputs (including program data inputs) can be driven by Series 74 TTL circuits without the use of 
external pull-up resistors, and each output can drive one Series 74 TTL circuit without external resistors. The data out- 
puts are three-state for connecting multiple devices to a common bus. The TMS 2516-35 is plug-in compatible with the 
TMS 4016 16K static RAM. It is offered in a dual-in-line cerpak package (JL suffix) rated for operation from 0°C to 
70°C. 


Since these EPROMs operate from a single +5 V supply (in the read mode), they are ideal for use in microprocessor 
systems. One other (+25 V) supply is needed for programming but all programming signals are TTL level, requiring a 
single 50-ms pulse. For programming outside of the system, existing EPROM programmers can be used. Locations may 
be programmed singly, in blocks, or at random. Total programming time for all bits is 100 seconds. 
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TMS 2516 JL AND. TMS 2516-35 JL 
16,384-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 





operation 


FUNCTION 
(PINS) 


(9 to 11, 
13 to 17) 





read/output disable 


When the outputs of two or more TMS 2516's and/or TMS 2516-35's are connected to the same bus, the output of any 
particular device in the circuit can be read with no interference from the competing outputs of the other devices. The 
device whose output is to be read should have a low-level TTL signal applied to the CS and PD/PGM pins. All other de- 
vices in the circuit should have their outputs disabled by applying high-level signal to these same pins. PD/PGM can be 
left low, but it may be advantageous to power down the device during output disable. Output data is accessed at pins 
Q1 through O8. On the TMS 2516 data can be accessed in 450 ns and access time from CS is 150 ns. On The TMS 2516-35 
data can be accessed in 350 ns and access time from CS is 120 ns. These access times assume that the addresses are stable. 


power down 


Active power dissipation can be cut by 80% by applying a high TTL signal to the PD/PGM pin. In this mode all outputs 
are in a high-impedance state. 


erasure 


Before programming, the TMS 2516 or TMS 2516-35 is erased by exposing the chip through the transparent lid to high- 
intensity ultraviolet light having a wavelength of 253.7 nm (2537 angstroms). The recommended minimum exposure 
dose (UV intensity times exposure time) is fifteen watt-seconds per square centimeter. Thus, a typical 12-milliwatt per- 
square-centimeter, filterless UV lamp will erase the device in a minimum of 21 minutes. The lamp should be located 
about 2.5 centimeters above the chip during erasure. After erasure, all bits are in the ‘’1’’ state (assuming a high-level 
output corresponds to logic “1"’). 


start programming 


After erasure (ali bits in logic ‘’1’’ state), logic ‘‘0’s’‘ are programmed into the desired locations. A “‘0’’ can be erased 
only by ultraviolet light. The programming mode is achieved when Vpp is 25 V and CS is at Vin. Data is presented in 
parallel (8 bits) on pins Q1 through Q8. Once addresses and data are stable, a 50-millisecond TTL high-level pulse 
should be applied to the PGM pin at each address location to be programmed. Maximum pulse width is 55 milliseconds. 
Locations can be programmed in any order. Several TMS 2516's and/or TMS 2516-35’s can be programmed simulta- 
neously when the devices are connected in paratlel. 





TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @® DALLAS, TEXAS 75265 


TMS 2516 JL AND TMS 2516-35 JL 
16,384-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 





inhibit programming 


When two or more devices are connected in parallel, data can be programmed into all devices or only chosen devices. 
TMS 2516's or TMS 2516-35’s not intended to be programmed (i.e., inhibited) should have a low level applied to the 
PD/PGM pin and a high-level applied to the CS pin. 


Program verification 


A verification is done to see if the device was programmed correctly. A verification can be done at any time. It can be 
done on each location immediately after that location is programmed. To do a verification, Vpp may be kept at +25 V. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 


Supply voltage, Vee (see Note 1); - 2a%eaased ee ne eee PEE ee Ae Eko ae ES —0.3 to6 V 
Supply voltage, Vpp (see Note 1) 1. ce te eet ee et ee ee eee ee te ee ee ees —0.3 to 28 V 
Ailsinput voltages: (see Note 1)- 2.5 oe 2 bide Le eee ew Be ees S wee Ged Pe Pe Sa es —0.3 to6 V 
Output voltage (operating with respect to VSS) ww we te ee ee eee eee .. —O3to6V 
Operating free-air temperature range 6 ke ee ee tw eee ee eee ee ee ee tae, 0°C to 70°C 
Storage temperature range ......... he Sic Sileh 1 cant eae Oe de Oe AES De) celtg use te widen Cea eae ade —55°C to 125°C 


NOTE 1: Under absotute maximum ratings, voltage values are with respect to the most negative supply voltage, Vss (substrate), 


*Stresses beyond those listed under ‘‘Absojute Maximum Ratings’’ may cause permanent damage to the device, This is a stress rating only and 
functional operation of the device at these or any other conditions beyond those indicated in the ‘“Recommended Operating Conditions’’ 
section of this specification is not implied, Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 


logic symbolt 


EPROM 2048x8 









(8) 





AO 
Al (7) 
Pe (6) 
re (5) 
(4) 
A4 
ne (3) 
AG (2) 
(1) 
A7 
(23) 
A8 
(22) 
AY 
(19) 
A10 10 
(18) 
PD/PGM a (PWR DWN] 
ae (20) og 
DG} 
SE eee: 
1 
nes 2 
neesonens 
FH 808 
Cd 


tThis symbol is in accordance with |EEE Std 91/ANSI Y32.14 and current discussions in 1EEE and !tEC. See explanation on Page 183. 
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TMS 2516 JL AND TMS 2516-35 JL 
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recommended operating conditions 


TMS 2516 TMS 2516-35 
PARAMETER UNIT 
MIN NOM MAX | MIN NOM MAX 


[supply voltage, Vgg_ SS SCOC‘“‘“‘CSSCSCSCSC‘“‘SSYSNNNNT SF ~SC“‘dNNNNNN' OOW™—~S—C~s CV 
Ts 










[Readeveletime.teirg) ——SSSSCSC~<“—~*~“‘“‘“‘<‘<CSCS*t*é‘<~*rSNSC“‘#SSNC#dUSOONNSC*C‘CNC‘*”’ 
0 7] 0 70 


NOTES: 2. Voc must be applied before or at the same time as Vpp and removed after or at the same time as Vpp. The device must not be 









inserted into or removed from the board when Vpp or V¢¢ is applied. 
3. Vpp can be connected to Vcc directly (except in the program mode). Vcc supply current in this case would be Icec + Ipp. 
During programming, Vpp must be maintained at 25 V (+ 1V). 


electrical characteristics over full ranges of recommended operating conditions 


2 












Vpp supply current 

I PD/PGM = V 

ne (during program pulse) 
Vcc supply current 

Icc1 stance PD/PGM = Vy 
Vcc supply current =< 

Iec2 deci) CS = PD/PGM = Vy, 


tT ypical values are at Ta = 25°C and nominal voltage. 
*All AC and PC measurements are made at 10% and 90% points with a 50% pattern. 


Ipp4 Vpp supply current | Vpp = 5.25 V, PD/PGM = V\ cee Ge 





capacitance over recommended supply voltage and operating free-air temperature ranges, f = 1 MHz* 


PARAMETER TEST CONDITIONS . TYPt MAX] UNIT 


C; Input capacitance V,=O0V, f= 1 MHz 
Cy Output capacitance Vo =0V, f= 1 MHz 8 12 


TAI typical values are Ta = 25°C and nominal voltage 
*Capacitive measurements are made on sample basis only 
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switching characteristics over full ranges of recommended operating conditions (see note 4) 


TEST CONDITIONS TMS 2516 TMS 2516-35 
PARAMETER 
(SEE NOTES 4 AND 5) 


ta(A) Access time from address 


ta(cs) Access time from chip select 
t Access time from PD/PGM 
a(PR) Cr = 100 pF, 


t Output not valid from address change 
i eelseae ie. 


Output disable time from chip 
tr<20 ns, 


t-<20 ns 


t 
PX2Z deselect during read only 


‘ Output disable time from chip deselect 
PXE during program and program verify 


tpxz Output disable time from PD/PGM 


TaAll typical values are at Ta, = 25°C and nominal voltages, 





recommended timing requirements for programming TA = 25°C (see Note 4) 


tr(PR) Rise time, program pulse 
tt(PR) Fall time, program pulse 
tsu(A) Address setup time 


tsu (CS) Chip-select setup time 


tsu(D) Data setup time 
tsu(VPP) Setup time from Vpp 
th(A) Address hold time 
th(CS) Chip-select hold time 





th({D) Data hold time 


tT ypical values are at nominal voltages. 


NOTES: 4. For all switching characteristics and timing measurements, input pulse levels are 0.65 V to 2.2 V and Vpp = 25 V + 1 V during 
programming. All AC and DC measurements are made at 10% and 90% points with a 50% pattern. 
5. Common test conditions apply for tpxz except during programming. For ta(q), ta(CS), and tpxz, PD/PGM = CS = ViL- 
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read cycle timing 


[te (ra) > 


Vin 
ROOK COMMU HUNG 
come” CR 


l i 
| —| ye — 
ViH | 
—_ ! | | 
cs | | 
Vit | | | 
” | | 
IH ‘ 
PD/PGM | | | | 
| } 
Vit ——— fT 
| —>ta(cs) }#— —>|  —*txz 
Vv ta(A) 
OH 
VOL 


standby mode 


Vin 
ADDRESSES ADDRESS N ADDRESS N+m 
Vit 


VIH V- 
PD/PGM STANDBY \ ACTIVE 
i 
Vv 
iL | 


®PxzZ | ta(pR)t | 


VOH 
Q1-08 VALID Hi-Z VALID 


VOL 


NOTE: CS must be in low state during Active Mode, ‘‘Don‘t Care” otherwise. 
Tta(PR) referenced to PD/PGM or the address, whichever occurs last. 


All timing reference points in this data sheet (inputs and outputs) are 90% points. 
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program cycle timing 


PROGRAM 
PROGRAM VERIFY 


AODRESSES 


PD/PGM 


IY 
| (PR) et Le _ | 
| po tuiver a pre | 





+25 V 
| | 
VpP ; 
+5 V | : | 
| | 
i ] 


| | 
VoH/ViH 


DATA 
Q1— 08 D I HI-Z 
oe al 
VoL/VIL 
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typical device characteristics (read mode) 


TMS 2516 
TMS 2516-35 
Icc CURRENT 
vs 


TEMPERATURE 


lIccg ACTIVE CURRENT 
PD/PGM = Vi 


'cC(mA) 





TEMPERATURE (°C) 


TMS 2516 
TMS 2516-35 
ACCESS TIME 
vs 
TEMPERATURE 


tains) 





TEMPERATURE (°C) 





PRINTED IN U.S.A. 
Ti cannot assume ony responsibility for any circuits shown 
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MOS TMS 2532 JL AND TMS 25132 JL 
LSI 32,768-BIT ERASABLE 
PROGRAMMABLE READ-ONLY MEMORY 


DECEMBER 1979 





e Organization...4K X 8 


24-PIN CERAMIC 

DUAL-IN-LINE PACKAGE 

e Pin Compatible with Existing ROMs and (TOP VIEW) 
EPROMs (8K, 16K, 32K, and 64K) 


e Single +5 V Power Supply 





e JEDEC Standard Pinout ns VCC 
AG 2 A8 
e All Inputs/Outputs Fully TTL Compatible A5 3 Ag 
e Static Operation (No Clocks, No Refresh) AA 4 Vpp 
e Max Access/Min Cycle Time... 450 ns A3 5 PD/PGM 
e 8-Bit Output for Use in Microprocessor- me 28 make 
Based Systems Al 7 All 
Q 
e N-Channel Silicon-Gate Technology oo ‘ 
Q1 9 Q7 
e 3-State Output Buffers Q2 10 06 
@ 40% Lower Power Q3 11 CE: Q5 
TMS 25L32... 500 mW Max Active Vsg 12 CEE: a4 
TMS 2532 ... 840 mW Max Active 
e Guaranteed DC Noise Immunity with PIN NOMENCLATURE 
Standard TTL Loads A(N) Address inputs 


PD/PGM Power Down/Program 
Q(N) Input/Output 


e No Pull-Up Resistors Required 


Vcc +5 V Power Supply 
Vpp +25 V Power Supply 
Vss 0 V Ground 





description 


The TMS 2532 JL and TMS 25L32 JL are 32,768-bit, ultraviolet-light-erasable, electrically programmable read-only 
memories. These devices are fabricated using N-channel silicon-gate technology for high speed and simple interface with 
MOS and bipolar circuits. All inputs (including program data inputs) can be driven by Series 74 TTL circuits without 
the use of external pull-up resistors, and each output can drive one Series 74 TTL circuit without external resistors. The 
data outputs are three-state for connecting multiple devices to a common bus. The TMS 2532 and TMS 25L32 are plug- 
in compatible with the TMS 4732 32K ROM. The devices are offered in a dual-in-line ceramic package (JL suffix) rated 
for operation from O°C to 70 °C. 





Since these EPROMs operate from a single +5 V supply (in the read mode), they are ideal for use in microprocessor 
systems. One other (+25 V) supply is needed for programming but all programming signals are TTL level, requiring a 
single 50-ms pulse. For programming outside of the system, existing EPROM programmers can be used. Locations may 
be programmed singly, in blocks, or at random. Total programming time for all bits is 200 seconds. 
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operation 


atic al Output Start Inhibit 
(PINS) Read Power Down 
Disable Programming —e 
(20) to Vy 
Vpp 
(21) 


(9 to 11, 
13 to 17) 





read/output disable 


When the outputs of two or more TMS 2532's and/or TMS 25L32's are connected on the same bus, the output of any 
particular device in the circuit can be read with no interference from the competing outputs of the other devices. The 
device whose output is to be read should have a low-level TTL signal applied to the PD/PGM pin. All other devices in 
the circuit should have their outputs disabled by applying a high-level signa! to this pin. Output data is accessed at pins 
Q1 through QO8. Data can be accessed in 450 ns = ta(A)- 





power down 


Active power dissipation can be cut by over 70% by applying a high TTL signal to the PD/PGM pin. In this mode all 
outputs are in a high-impedance state. 


erasure 


Before programming, the TMS 2532 or TMS 25L32 is erased by exposing the chip through the transparent lid to high- 
intensity ultraviolet light having a wavelength of 253.7 nm (2537 angstroms). The recommended minimum exposure 
dose (UV intensity times exposure time) is fifteen watt-seconds per square centimeter. Thus, a typical 12 milliwatt per 
square centimeter, filterless UV lamp will erase the device in a minimum of 21 minutes. The lamp should be located 
about 2.5 centimeters above the chip during erasure. After erasure, all bits are in the ‘‘1‘’ state (assuming high-level 
output corresponds to logic ‘’1’). 


start programming 


After erasure {all bits in logic ‘1’ state), logic ‘0’s’’ are programmed into the desired locations. A ‘‘0’’ can be erased 
only by ultraviolet light. The programming mode is achieved when Vpp is 25 V. Data is presented in paralle! (8 bits) 
on pins Q1 through O8. Once addresses and data are stable, a 50-millisecond TTL low-level pulse should be applied to 
the PGM pin at each address location to be programmed. Maximum pulse width is 55-milliseconds. Locations can be 
Programmed in any order. Several TMS 2532's and/or TMS 25L32’s can be programmed simultaneously when the 
devices are connected in parallel. 
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inhibit programming 


When two or more devices are connected in parallel, data can be programmed into al! devices or only chosen devices. 


TMS 2532's and/or TMS 25L32’s not intended to be programmed should have a high level applied to PD/PGM. 


program verification 


The TMS 2532 and TMS 25L32 program verification is simply the read operation, which can be performed as soon as 
Vpp returns to +5 V ending the program cycle. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 


Supply voltage: Voc (see Note: 1). sesces Bale oe ae ie SF WR OSE DAES SES Oe a Re OS eeratews —0.3 to6V 
Supply voltage; Vopisee NOte1) 0 ss te es aoa are! ae hep cle Rees ae eG ave ee tees Bae ws —0.3 to 28 V 
Allinput voltages (see Note 1) > ici 24 See eve ha ee Bare Wo diate bb Beare ate Ee Ble We eS ere eS —0.3 to6V 
Output voltage (operating with respect to VSS) ww ee ee eee eee eens —0.3 to6 V 
Operating free-air temperature range 6d ee et ee ee ee eee tee eee eee ete 0°C to 70°C 
Storage temperature range. sccwiees. ave Whee aided Gb edad oe ease ae ata ee Free es —55°C to 125°C 


NOTE 1: Under absolute maximum ratings, voitage values are with respect to the most negative supply voltage, Vss (substrate), 


*Stresses beyond those listed under ‘‘“Absolute Maximum Ratings’’ may cause permanent damage to the device, This is a stress rating only and 
functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating Conditions” 
section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended perlods may affect device reliability. 


logic symbolT 


(g) EPROM 4096x8 
AO 0 


Al 2 


a2 (6) 


A3 EL 


Ad (4) 
AS (3) 


ae (2) 


<a (1) 


AS (23) 


Ag (24) 


A10 a2 


18) 
All 14 


PD/PGM Se 





[CU 

(10) 
TU 
fc tC 
ae 


TThis symbol is in accordance with IEEE Std 91/ANSI1 Y32.14 and current discussions in IEEE and IEC. See explanation on page 183. 
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recommended operating conditions 


TMS 2532 TMS 25L32 
PARAMETER UNIT 
MIN NOM MAX | MIN NOM MAX 
5 


[suppivvolwge. Veg SCSC‘“‘“SC“~“~<“<~ststi( tC 

















Low-level input voltage, Vy 0.1 0.65 | —0.1 0.8 
Operating free-air temperature, Tp 0 70 


NOTES: 2. Vcc must be applied before or at the same time as Vpp and removed after or at the same time as Vpp. The device must not be 
inserted Into or removed from the board when Vpp is applied. 
3. Vpp can be connected to Vcc directly (except in the program mode). Vcc supply current in this case would be I¢c¢ + Ipp. During 
programming, Vpp must be maintained at 25 V (+ 1V). 


electrical characteristics over full ranges of recommended operating conditions 


TMS 2532 TMS 25L32 
PARAMETER TEST CONDITIONS UNIT 
MIN TYPtT MAX | MIN TYPt MAX 


Vpp supply current — 

| PD/PGM = V 30 30 mA 

PP2 (during program pulse) rormvi fmm 
V supply current —— 

ice. coe PD/PGM = Viy 10 25 10 25 | mA 
(standby) 
V supply current a 

Icc2 hee: ce PD/PGM = Vi, 80 160 65 95 
active 


* AC and DC measurements are made at 10% and 90% points using a 50% pattern. 














capacitance over recommended supply voltage and operating free-air temperature ranges, f = 1 MHz? 


PARAMETER | TEST CONDITIONS TYPt MAX | UNIT 


T Typical values are Tq = 25°C and nominal voltages. 











+ Capacitance measurements are made on a sample basis only. 
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switching characteristics over full ranges of recommended operating conditions (see note 4) 


TEST CONDITIONS TMS 2532 
PARAMETER (SEE NOTES 4 AND 5) TMS 25L32 


ta(A) Access time from address C, = 100 pF, 
ta(PR) Access time from PD/PGM 1 Series 74 TTL load, 
tpyx Output not valid from address change t-<20 ns, 


——— 


tpxz Output disable time from PD/PGM t#<20 ns 





T All typical values are at T, = 25°C and nominal voltages. 


recommended timing requirements for programming TA = 25°C (see note 4) 


PARAMETER MIN TYPT MAX | UNIT 
tw(PR) Pulse width, program pulse 45 50 55 
L 
LU 
v1 
Le 






tr(PR) Rise time, program pulse 
tf(PR) Fall time, program pulse 











[auivee) _Sewptmefromvep 
Oe il 
a ray) 


th(D) Data hold time 


S 
ns 
ns 

S 
s 
S 
s 
th(PR) Program pulse hold time 
ns 


Vpp hold time 





th(VPP) 


T Typical values are at nominal voltages. 


NOTES: 4. For all switching characteristics and timing measurements, input pulse levels are 0.65 V to 2.2 V and Vpp = 25 V + 1 V during 
programming. All AC and DC measurements are made at 10% and 90% points with a 50% pattern. 
5. Common test conditions apply for tpxz except during programming, For ta(A) and tpxz, PD/PGM = Vy_. 


TEXAS INSTRUMENTS 


INCORPORATED 


POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


115 











TMS 2532 JL AND TMS 25132 JL 
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read cycle timing 





Vik 









LASS KASV VY 
OX AX AK) 
een NRXXXREXXX 
| ot tpvx aaa 
Vin 
PD/PGM | | 
Vit | | 
| l+—*s1PR) oI = je— tpxz 
VOH | 


Qi - Qs 





) HI-Z VALID 
VOL 


}+—— taa) ——o4 


NOTE: There is no chip select pin on the TMS 2532 and TMS 25L32. 
The chip-select function is incorporated in the power-down mode, 


standby mode 


Vi 
ADDRESSES ADDRESS N ADDRESS N +m 
Vit 
PD/PGM Vi | ( 
STANDBY ACTIVE 
VIL 
}-<3—_——s| ene | 


®Pxz | te(pR)t | 
VOH : 
Q1-08 VALID H1-2 VALID 
VOL 
TtaipA) referenced to PD/PGM or7 the address, whichever occurs last 


All timing reference points in this data sheet (inputs and outputs) are 90% points. 
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program cycle timing 


ADDRESS 


PD/PGM 


Vpp 


— a8 


ViH 





PROGRAM ——_____ete__. PROGRAM®_ 
| ADDRESS 


| 


jo——tsu(A) ——oJ ae 


VIL | 


| 

| 

arte | =i | ae | 
en ual h(PR 


VIL 






+25 V 





AAA 
ARRAY 
PARRY 


+5 V 


Von/VIH 


DATA IN HI-Z pane 
VoL/ViL } : 


“Program verify equivalent to read mode, 
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typical device characteristics (read mode) 


TMS 251.32 
TMS 2532 
lec CURRENT ree CURRENT 
vs. vs. 
TEMPERATURE TEMPERATURE 





< < 
E £E 
© © 
L L 
loc, STANDBY CURREN 
PD/PGM = Vin 
TEMPERATURE (°C) TEMPERATURE (°C) 
TMS 2532 
TMS 25L32 
ACCESS TIME 
vs 
TEMPERATURE 








z 
E 
a 
= 
TEMPERATURE (°C) 

PRINTED IN U.S.A 

TI cannot assume any responsibility for any circuits shown 

TEXAS INST RUM ENTS or represent thot they are free from patent infringement. 

NEOCRLORATE? TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT AN} 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT PO 


MOS TMS 2564 JL 
LSI 65,536-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 


DECEMBER 1979 








e Organization ...8K X8 TMS 2564 
28-PIN CERAMIC 
e Single +5 V Power Supply DUAL-IN-LINE PACKAGE 
; ; (TOP VIEW) 
e Pin Compatible with Existing ROMs and 
EPROMs (8K, 16K, 32K, and 64K) Vpp 1 Vcc" 
e All Inputs/Outputs Fully TTL Compatible CS1 2 CS2 
e Static Operation (No Clocks, No Refresh) A7 3 Vcc" 
A6 4 A8 
@ Max Access/Min Cycle Time... 450 ns 
A5 5 AQ 
e §8-Bit Output for Use in Microprocessor- AA 6 TT a ee A12 
Based Systems ee ae pp /PGM 
e N-Channel Silicon-Gate Technology A2 8 A10 
e 3-State Output Buffers Al 9 paints All 
e Guaranteed DC Noise Immunity with AO 10 8 
Standard TTL Loads Q1 11 Q7 
e No Pull-Up Resistors Required O2 12UE:: : a 
Q3 13 a Q5 
e Low Power Dissipation: Vss 14 CFE a4 





Active .. .400 mW Typical 


. * . . 
Standby se 50 mW Typical Connected internally, Vec need be supplied 
to only one of these two pins. 


PIN NOMENCLATURE | 


Address inputs 
Chip Selects 

Power Down/Program 
Input/Output | 


+5 V Power Supply 
+25 V Power Supply 
0 V Ground 





description 


The TMS 2564 JL is a 65,536-bit, ultraviolet-light-erasable, electrically programmable read-only memory. This device 
is fabricated using N-channel silicon-gate technology for high-speed and simple interface with MOS and bipolar circuits. 
All inputs (including program data inputs) can be driven by Series 74 TTL circuits without the use of external pull-up 
resistors, and each output can drive one Series 74 TTL circuit without external resistors. The data outputs are three-state 
for connecting multiple devices to a common bus. The TMS 2564 is offered in a dual-in-line ceramic package (JL suffix) 
rated for operation from 0 'C to 70°C. 


Since this EPROM operates from a single +5 V supply (in the read mode), it is ideal for use in microprocessor systems. 
One other supply (+25 V) is needed for programming. Programming requires a single TTL level pulse per location. For 
programming outside of the system, existing EPROM programmers can be used. Locations may be programmed singly, 
in blocks, or at random. 


The TMS 2564 is compatible with other 5-volt ROMs and EPROMs, even those in a 24-pin package. 
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operation 















FUNCTION Start Inhibit 
ie Read Output Disable Power Down ; ; 
(PINS) Programming Programming 
PD/PGM ‘j Vi or Don’t Care v Pulsed Vi Vip or Don't Care 
(22) Je or Don't Care a to V or Don‘t Care 
CS1 Don’t Care or Vip Don’t Care or Vip 
VIL Don’t Care VIL F 
or’ Don’t Care or Don’t Care 









(21) 
Ccs2 ’ Don’t Care or 5 . ‘ Don‘t Care or 
et 

(27) - Don't Care or Vyy pees es Don’t Care or Viy 
VPP 
(1) +5 V +5 V +5V +25 V +25 V 
V * 

CC 45V 45V +5 V +5 V 4+5'V 
(26/28) 
Q 


De 


* Do not use the internal jumper of 26-28 to conduct PC board currents. 














(11 to 13, 
15 to 19) 





read/output disable 


When the outputs of two or more TMS 2564’s are commoned on the same bus, the output of any particular device in 
the circuit can be read with no interference from the competing outputs of the other devices. To read the output of the 
TMS 2564, the low-level signal is applied to the PD/PGM and CS pins. All other devices in the circuit should have their 
outputs disabled by applying a high-level signal to one of these pins. Output data is accessed at pins Q1 to Q8. Data can 
be access in 450 ns = ta(A). 


power down 


Active power dissipation can be cut by one of over 80% by applying a high TTL signal to the PD/PGM pin. In this mode 
all outputs are in a high-impedance state. 


erasure 


Before programming, the TMS 2564 is erased by exposing the chip through the transparent lid to high intensity ultra- 
violet (wavelength 2537 angstroms). The recommended minimum exposure dose (= UV intensity X exposure time) 
is fifteen watt-seconds per square centimeter. A typical 12 milliwatt per square centimeter, filterless UV lamp will erase 
the device in about 21 minutes. The lamp should be located about 2.5 centimeters above the chip during erasure. After 
erasure, all bits are in the high state. . 


start programming 


After erasure (all bits in logic high state), logic ‘‘O’s‘’ are programmed into the desired locations. A low can be erased 
only by ultraviolet light. The programming mode is achieved when Vpp is 25 V. Data is presented in parallel (8 bits) on 
pins Q1 to Q8. Once addresses and data are stable, a 50 millisecond low TTL pulse should be applied to the PGM pin 
at each address location to be programmed. Maximum pulse width is 55 milliseconds. Locations can be programmed in 
any order. More than one TMS 2564 can be programmed when the devices are connected in parallel. During program- 
ming both chip select signals should be held !ow unless program inhibit is desired. 
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inhibit programming 


a 


When two or more TMS 2564's are connected in parallel, data can be programmed into all devices or only chosen devices. 
TMS 2564's not intended to be programmed should have a high level applied to PD/PGM or CS1 or CS2. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) * 





Supply voltage, Vee (see Note Tl) oaicatus uk oscde Sawa Cee eee ee Geen bet waweweowices —0.3toGV 
Supply: voltage, Vppisee Note: tT}? 44<hcut co SAS hk cd whee ee BAe d ere aera ees deme —0.3 to 28 V 
All:inputvoltages (see Note: 1}  -s.nn.cicedhin skid doce 9 ae wie Se eh lk bw 2d ee 2 ee a —0.3 to6 V 
Output voltage (operating with respect to VSS) wk ee ee ee ee eee —0.3to6V 
Operating free-air temperature range 6. ww ee te ew tt eee ee ete et ees 0°C to 70°C 
Storage Temperature fame, a. oa ew ek ere A a Se ae eee hres See Be ee oe Se —5§5°C to 125°C 


NOTE 1: Under absolute maximum ratings, voltage values are with respect to the most-negative supply voltage, Vss (substrate). 


* Stresses beyond those listed under “‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating Conditions” 

‘ 
section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 


logic symbolT 





EPROM 8192x8 







iG (10) 
Al (9) 


A2 (8) 


AS (7) 


re (6) 
AS (5) 
(4) 


A6 
(3) 


(25) 


0 


A7 


A8 
(24) 


(21) 
(20) 
(23) 
(22) 


PD/PGM 
- 


cs1 = 
CS2 


AY 


A10 
All 





A12 12 


[PWR DWN] 





(11) 
(12) 
(13) 
(75) 
(16) 
(17) 
(18) 


(19) 
Qs 


TThis symbol is in accordance with IEEE Std 91/ANSI Y32.14 and current discussions in IEEE and IEC. See explanation on page 183, 


O 
> 
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recommended operating conditions 


UNIT 
Supply volage Veg SSC~C“*“S*S*“‘“~*SC“~*~“*S*S~<“s*é‘“~*s“‘“<~irSSC“‘“ SSS*dSC CS 
| 

a 







Low-level input voltage, Vyt_ —o.1TT 0.65 
Read cycle time, telrd 
Operating free-air temperature, Ta 


NOTES: 2. Vec must be applied before or at the same time as Vpp and removed after or at the same time as Vpp. The device must not be 
inserted into or removed from the board when Vpp or Vcc is applied so that the device is not damaged, 





3. Vpp can be connected to V¢¢ directly (except in the program mode). Vcc supply current in this case would be Icc + Ipp. During 
programming, Vpp must be maintained at 25 V (+ 1V). 
tt The algebraic convention where the more negative limit is designated as minimum is used in this data sheet for logic voltage levels and time 
intervals, 






electrical characteristics over full ranges of recommended operating conditions 
TMS 2564 


PARAMETER TEST CONDITIONS UNIT 
| aawerer | = testconommions MIN TyPt wax] ONT 


[Vou Lowievel outputvorase™ | ton=21mMA 
I 
lo 










Input current (leakage) V)=5.25 V P10 
Output current (leakage) Vo =5.28V 
Ippy  Vpp supply current Vpp = 5.25 V PD/PGM = Vi 


Vpp supply current ect 

aoe ee PD/PGM = Vi 30| mA 
(during program pulse) 
Vcc supply current got 

| PD/PGM =V 10 25 mA 

CCT (standby) voreievm | 8 mn 
V supply current eee 

icon 7 CO PD/PGM = Vj, 80 160] mA 
(active) 


t Typical values are at Ta = 25°C and nominal voltages. 
* AC and DC tests are made at 10% and 90% points using a 50% pattern. 









capacitance over recommended supply voltage and operating free-air temperature range 
f= 1 MHz* 


PARAMETER TEST CONDITIONS TYPt MAX| UNIT 


T All typical values are Ta = 25°C and nominal voltage. 
* This parameter is tested on sample basis only. 
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switching characteristics over full ranges of recommended operating conditions (see note 4) 


PARAMETER Usage aint MIN TYPT MAX | UNIT 
(SEE NOTES 4 AND 5) 
ta(A) Access time from address 280 450 


Access time from CS1 and CS2 
ta(S) ; 120 
(whichever occurs last) CL = 100 pF, 
ta(PR) Access time from PD/PGM 1 Series 74 TTL load, 280 450 | ons 
8 100] om | 
po t00 | ns 

























tpyx Output not valid from address change t-<20 ns, 
Output disable time from chip deselect t¢<20 ns 







t 
PXZ during read only {whichever occurs tast) 





tpxz Output disable time from PD/PGM during standby 








T All typical values are at Ao 25°C and nominal voltages. 


recommended timing requirements for programming TA = 25°C (see note 4) 


PARAMETER MIN TYPt MAX | UNIT 
tw(PR) Pulse width, program pulse 





tr(PR) Rise time, program pulse 
tt(PR) Fall time, program pulse 
tsu(A) Address setup time 


tsu(VPP) Setup time from Vpp 


th(A) Address hold time 


th(D) Data hold time 


th(PR) Program pulse hold time 


[4s so 65 | ms 
i aie ae 
ee 
ee ce 
a ee 
ee ne 
i ca 


th(VPP) Vpp hold time 





tT Typical values are at nominal voltages. 


NOTES: 4, For all switching characteristics and timing measurements, input pulse levels are 0.65 V to 2.2 V and Vpp = 25 V + 1 V during 
programming, AC and DC timing measurements are made at 90% points using a 50% pattern. 
5. Common test conditions apply for tpy 7 except during programming, For ta(A), ta(S), and tpxz, PD/PGM = Vj. 
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read cycle timing 


Vv IH AIA /A/VV/ 
PKK) COCCNENe’ 
Ss is EP Osiccvicatee 


ViL 


| ey vx 
| 


ViH 
CS1 & CS2 | | 
VIL 


| 
| le—tais)—oI —+ lea—texz 
aa Vin | | | 
PD/PGM l | 
V | | | 
iL ee a ee ee ee 
| | 
x— tai) 
V 
Q1-08 aa ne HI-Z . t VALID 
VOL 


standby mode 
; 


VIH 
ADDRESSES ADDRESS N ADDRESS N+m 
Vit 


PD/PGM Vi | 
i STANDBY | ACTIVE 
VIL | 


I | 


tpxz | ta(pR)t | 


VOH 
Q1-08 VALID HI-Z VALID 


VOL 


NOTE: ?T ta(PR) referenced to PD/PGM or the address, whichever occurs last. 
CS1 and CS2 in Don’t Care State in Standby Mode, 
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program cycle timing 


j—____—_—_—_— PROGRAM aminiaaa ied PROGRAM 
VERIFY 






Vi 3 
ADDRESSES : | ADDRESS 
VIL : 
| h(A) _———»| 
VoOH/VitH | 
oe 
a HI-Z 
VoL/VIL | 


tsu(D) >| i ; Er 
ViH | 
| | 


CS1& CS2 Js —4 


VIH 
PD/PGM 
VIL 
+25V 
Vpp 





* Equivalent to read mode, 
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typical device characteristics (read mode) 


TMS 2564 
Icc CURRENT 
vs 
TEMPERATURE 











z 
E 
oO 
L 
lcoc1.STANDBY CURREN 
PD/PGM = Vv 
20 tH 
0 10 20 30 40 50 60 70 
TEMPERATURE (°C) 
TMS 2564 
ACCESS TIME 
VS 
TEMPERATURE 
rn 
£ 
a 
TEMPERATURE (°C) 
PRINTED IN U.S.A 
T] cannot assume ony responsibility for ony circuits shown 
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The TMS 2758 is an 8,192-bit, ultraviolet-light-erasable, electrically programmable read-only memory. This device is 
fabricated using N-channel silicon-gate technology for high speed and simple interface with MOS and bipolar circuits. 
All inputs (including program data inputs) can be driven by series 74 TTL circuits without the use of external pull-up 
resistors, and each output can drive one Series 74 TTL circuit without external resistors. The data outputs are three- 
state for wired-OR connection of multiple devices on a common bus. The TMS 2758 is pin-compatible with the 
TMS 2516 16K EPROM. 


e 1K X 8 Organization sie dcae 
© Single +5-V Power Supply DUAL-IN-LINE PACKAGE 
(TOP VIEW) 
e Pin Compatible with Existing ROMs and 
EPROMs (8K, 16K, 32K, and 64K) AJ 1 Vec 
e Pin-Compatible With 12758 AB 2 A8 
e All Inputs/Outputs Fully TTL Compatible AS 3 AQ 
A4 4 V | 
e Static Operation (No Clocks, No Refresh) vPP | 
A3 5 CS 
e Max Access/Min Cycle Time... 450 ns Ad 6 AR* 
e 8-Bit Output for Use in Microprocessor- Al 7 PD/PGM 
Based Systems AO 8 O8 
e N-Channel Silicon-Gate Technology Q1 9 Q7 
e 3-State Output Buffers oe a6 
ee Q3 11 Q5 
e Low Power Dissipation y 12 +: 04 
— Active... 285 mW Typical SS oe 
— Standby . . .50 mW Typical * AR tied to Vj, if TMS 2758-JLO 
e Guaranteed dc Noise Immunity with Mins bee 2apedt 
Standard TTL Loads PIN NOMENCLATURE 
e No Pull-Up Resistors Required AO thru A7 Address inputs 
AR Array Select 
PD/PGM Power Down/Program 
Q1 thru Q8 Input/Output 
CS Chip Select | 
Vcc Operating Power Supply 
Vpp Programming Power Supply 
Vss 0 V Ground 
description 


Since this EPROM operates from a single +5-V supply in the read mode, it is ideal for use in microprocessor systems. 
One other supply (+25 V) is needed for programming, but al! programming signals are TTL levels and require a single 
50-millisecond pulse. For programming outside of the system, existing EPROM programmers can be used. Locations 
may be programmed sequentially, in blocks, or at random. Total required programming time for all bits for the 
TMS 2758 is 50 seconds. 


The TMS 2758 is offered in dual-in-line cerpak (JL suffix) package rated for operation from 0 C to 70°C. 


Complete information may be obtained from your socal Tl Sales Office or authorized distributor listed near the front of this data book. 
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e 1024 X 8 Organization 
e All Inputs and Outputs Fully TTL Compatible 24-PIN CERPAK 


: ; DUAL-IN-LINE PACKAGE 
e Static Operation (No Clocks, No Refresh) eOpWIEW 


e Performance Ranges 





Max Access Min Cycle A7 1 Vcc | 
TMS 2708-35 350 ns 350 ns AB 2 A8 
TMS 2708 450 ns 450 ns A5 3 AQ | 
TMS 27L08 450 ns 450 ns 
A4 4 VBB 
e 3-State Outputs for OR-Ties A3 5 CS(PE) 
e N-Channel Silicon-Gate Technology A2 6 VDD 
e 8-Bit Output for Use in Microprocessor- Al 7 Program 
Based Systems AO 8 Q8 
eo Low Power on TMS 27L08...245 mW (Typ) Qi 9 Q7 
Q2 10 Q6 
e 10% Power Supply Tolerance (TMS 27L08 
Q3 11 Q5 
Only) 
Vss 120 Q4 





e Plug-Compatible Pin-Outs Allowing Inter- 
changeability/Upgrade to 16K With Minimum 
Board Change 


description 


The TMS 2708, TMS 2708-35, and TMS 27L08 JL are ultra-violet light-erasable, electrically programmable read only 
memories. They have 8,192 bits organized as 1024 words of 8-bit length. The devices are fabricated using N-channel 
silicon-gate technology for high speed and simple interface with MOS and bipolar circuits. All inputs (including program 
data inputs) can be driven by Series 74 TTL circuits without the use of external pull-up resistors. Each output can drive 
one Series 74 or 74LS TTL circuit without external resistors. The TMS 27L08 guarantees 200 mV dc noise immunity in 
the high state and 250 mV in the low state. The data outputs for the TMS 2708, TMS 2708-35 and .TMS 27L08 are 
three-state for OR-tying multiple devices on a common bus. 


These EPROMs are designed for high-density fixed-memory applications where fast turn arounds and/or program changes 
are required, They are supplied in a 24-pin dual-in-line ceramic cerdip (JL suffix) package designed for insertion in, 
mounting-hole rows on 600-mil (15.2 mm) centers. They are designed for operation from O°C to 70°C. 


operation (read mode) 
address (A0-A9) 


The address-valid interval determines the device cycle time. The 10-bit positive-logic address is decoded on-chip to select 
one of the 1024 words of 8-bit length in the memory array. AO is the least-significant bit and AQ is the most-significant 
bit of the word address. 


chip select, program enable [CS (PE)] 


When the chip select is low, all eight outputs are enabled and the eight-bit addressed word can be read. When the chip 
select is high, all eight outputs are in a high-impedance state. 


SS SS sr 
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data out (01-08) 


The chip must be selected before the eight-bit output word can be read. Data will remain valid until the address is 
changed or the chip is deselected. When deselected, the three-state outputs are in a high-impedance state. The outputs 
will drive TTL circuits without external components. 


program 

The program pin must be held below Vcc in the read mode. 
operation (program mode) 

erase 


Before programming, the TMS 2708, TMS 2708-35, or TMS 27L08 is erased by exposing the chip through the transparent 
lid to high-intensity ultraviolet light (wavelength 2537 angstroms). The recommended minimum exposure dose (= UV 
intensity X exposure time) is fifteen watt-seconds per square centimeter. Thus, a typical 12 milliwatt per square centi- 
meter, filterless UV lamp will erase the device in a mimimum of 21 minutes. The lamp should be located about 2.5 
centimeters above the chip during erasure. After erasure, all bits are in the ‘1’ state. 


programming 


Programming consists of successively depositing asmall amount of charge to a selected memory cell that is to be changed 
from the erased high state to the low state. A low can be changed to a high only by erasure. Programming is normally 
accomplished on a PROM or EPROM Programmer, an example of which is Tl’s Universal PROM Programming Module 
in conjunction with the 990 prototyping system. Programming must be done at room temperature (25°C) only. 


to start programming (see program cycle timing diagram) 


First bring the CS (PE) pin to +12 V to disable the outputs and convert them to inputs. This pin is held high for the 
duration of the programming sequence. The first word to be programmed is addressed {it is customary to begin with the 
“‘O"’ address) and the data to be stored is placed on the Q1-Q8 program inputs. Then a +25 V program pulse is applied 
to the program pin. After 0.1 to 1.0 milliseconds the program pin is brought back to QO V. After at least one microsecond 
the word address is sequentially changed to the next location, the new data is set.up and the program pulse is applied. 


Programming continues in this manner until all words have been programmed. This constitutes one of N program loops. 
The entire sequence is then repeated N times with N x tw(pR) # 100 ms. Thus, if tyw(PR) = 1 ms; then N = 100, the 
minimum number of program loops required to program the EPROM. 


to stop programming 


After cycling through the N program loops, the last program pulse is brought to 0 V, then Program Enable [CS (PE)] 
is brought to Vy, which takes the device out of the program mode. The data supplied by the programmer must be 
removed before the address is changed since the program inputs are now data outputs and change of address could 
cause a voltage conflict on the output buffer. Q1-Q8 outputs are invalid up to 10 microseconds after the program en- 
able pin is brought from V|H(PE) to VIL. 


I TE I TS Sg SETI TES RESET 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) * 


Supply voltage, Vcc (see Note 1)... ce ccc cece eee eee enna ee eeennes —0.3 to 15 V 
Supply voltage, VDD (see Note 1) ow... ccc ce cece ee eee eee e ee eeeereens —0.3 to 20 V 
Supply voltage, VSS (see Note 1)... cece ccc eee eee eee eet eeueaes —0.3to 15V 
All input voltage (except program) (see Note 1) ...... eee cece ee cee teens —0.3 to 20 V 
Program Input (see Note 1) oo... ccc ccc eee cee cee tenet e eee ett eeteues —0.3 to 35V 
Output voltage (operating, with respect to VSS) ...... cece cece eee tee enees —2to7V 
Operating free-air temperature range... ec cect cece eect eet ee ences 0°C to 70°C 
Storage temperature range ...... cece cece teen teen teen eeeeeeenee —55°C to 125°C 





NOTE 1: Under absolute maximum ratings, voltage values are with respect to the most-negative supply voltage, Vgp (substrate), unless otherwise noted. 
Throughout the remainder of this data sheet, voltage values are with respect to Vss. 


*Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions beyond those indicated in the “Recommended Operating Conditions” section of this specification is 
not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 





logic symbolT 


EPROM 1024x8 








AO (8) 

At (7) 

a2 (6) 

A3 el 

A4 o) 

(3) 

ae (2) 

re (1) 

Ag (23) 

KG (22) 

og (20) 
Me 
Ae 
a 


TThis symboi is in accordance with IEEE Std 91/ANSI Y32.14 and current discussions in LEEE and IEC. See explanation on page 183. 
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TMS 2708 JL, TMS 2708-35 JL, TMS 27108 JL 
1024-WORD BY 8-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORIES 





recommended operating conditions 






: 8 
PARAMETER TMS 27L0 ai 












Supply voltage, Vep “475-8 5.25 | -45 5-55] VI 
Supply voltage, Vcc 4.75 5 5.25 P4500 D5 US] OV 
Supply voltage, Vpp 11.4 12 12.6 10.8 12 13.2 


Supply voltage, Vss aa ere (Re ee 


















High-level input voltage, VjpH 
(except program and program enable) — a Vect1 at Vect+1 
ae 
Low-level input voltage, Vi (except program) 
Low-level program input voltage, ViL(PR 
[High-Tevel program pulse input current (sink Tn(pR) [Or 
[Low-level program pusie input current eouree) nie) |_| 
70 


electrical characteristics over full ranges of recommended operating conditions (unless otherwise 
noted) 


TMS 2708-35, TMS 2708 TMS 27L08 
: [TMS 2708-95, TMS 2708_ 
ees ad dealesas MIN TYPr_ MAX 
3.7 


| fon=—100wAC«dTCSCiTSC:C“‘“LSD™CO”*C*C*;*‘*”’; 
| Von Hiomieveloupurvoteg OH = —OOGA fa 
[i__Tnput current leakage) [Vi = 0Vto 5.25V 
Allinputs high 
Icc 
Ipp S$ 


MIN 
3.7 
Supply current from Vcc CS(PE) =5V PB 10 SF 





ly current from V For Ipp MAX, 
upply curr om Vpp | For!pp (worst case) 


Ta = 70°C 
Pp(Av) Power Dissipation Ta =0°C CS =0V 


Ta = 0°C CS=+5V 


MAX 
1 10 
800 


1 10 
350 

245 475 
290 580 





TtAll typical values are at Ta = 25°C and nominal voltages. 


capacitance over recommended supply voltage range and operating free-air temperature range, 
f= 1 MHz 


PARAMETER TYPt MAX] UNIT 


Cj Input capacitance 4 6| pF 
Co Output capacitance 


tAll typical values are at Ta = 25°C and nominal voltages. 
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switching characteristics over recommended supply voltage range and operating free-air 


temperature range 
rms mce_fo 
TMS 2708-35 
PARAMETER TMS 27L08 | UNIT 
ee 
a ae 


te(rd) Read Cycle time 














TEST CONDITIONS 











C, = 100 pF 
1 Series 74 TTL load 
t#(CS), tf(ad) = 20 ns 














PARAMETER 
























tw(PR) Pulse width, program pulse 

tT Transition times (except program pulse) 

tT(PR) Transition times, program pulse 50 2000 
Pisulda)__—Datasetuptime 
tsu(PE)_—*Programenablesetuptme SSCS Cds 
Thad) ____—Addressholdtime TO SSSSOSSSCOCSCSCSCSCSCSCSC*d;TOO Ps 
[thlad.daR) _Addresshotdtimeatierprograminputdatastopped ————SSSCS~SCSS id 
[tnida)_—__—Dataoraime «ds 
PthiPe)_—<Programenablenoldtime CSCS Sd 

tCL,adX Delay time, CS(PE) low to address change | OO =) hens 
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TMS 2708 JL, TMS 2708-35 JL, TMS 27L08 JL 
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read cycle timing 


ADDRESSES 


CS(PE) 





program cycle timing 


SS OF N* PROGRAM LOOPS ——————_________—_>| 


VIH(PE) 
CS (PE)* 


tsu(PE) 







th(PE) salt 
t ; 
a —| k- CL, ad X 
VIH I 
ADDRESSES 
VIL 
tsu(ad) or a re [= sulad) re | 
Le twiPR) —ol ~~ tw(PR) —mJ | | 
VIH(PR) | , 
Program ' 
Page VIL(PR) | 
=| Eo d,daR) 
tsu(da) >] bo thida) “>| all Le tsutaa nda) +r be tsuida) *hida)> a 
Q1 — a8 ms 


PROGRAM OUTPUT 
INPUTS VIL 





*CS (PE) is at +12 V through N program loops where N = 100 ms/tw (PR). 


NOTE: Q1-O8 outputs are invalid up to 10 usec after programming [CS(PE) goes iow}. 


All timing reference points in this data sheet (inputs and outputs) are 90% points. 
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TYPICAL TMS 27L08 CHARACTERISTICS 


Ba DEVICE POWER DISSIPATION vs TEMPERATURE CURRENT vs TEMPERATURE 


700 
600 
500 


400 


Supply Current 


300 


200 


100 





0 10 20 30 40 50 60 70 
Ta — Free-Air Temperature — "¢C Ta — Free-Air Temperature — ae: 


STATIC OUTPUT VOLTAGE vs OUTPUT CURRENT ACCESS TIME vs TEMPERATURE 
400 








a 
© 
> 
| 300 
o 
ao 
= ‘ 
° 
$ | 
Ss Ct) 
= E 
3 - 200 
© ” 
2 o 
s g 
o cs 
{ 
a! 
ra) 100 
> 
(a) 
0 10 20 30 40 50 60 70 
Ta — Free-Air Temperature — “C 
lo, — Output Current ~ mA 
TEXAS INSTRUMENTS 135 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 





MOS TMS 2716 JL 
iSI 2048-WORD BY 8-BIT ERASABLE 
PROGRAMMABLE READ-ONLY MEMORY 


DECEMBER 1979 









2048 X 8 Organization 24-PIN CERPAK 


DUAL-IN-LINE PACKAGE 
e All Inputs and Outputs Fully TTL Compatible 


(TOP VIEW) 
e Static Operation (No Clocks, No Refresh) 
A7 1 Vcc (PE) 
e Maximum Access Time ... 450 ns AB 2 AB 
e Minimum Cycle Time... 450 ns ae ied 
A4 4 VBB 
e 3-State Outputs for OR-Ties A3 5 A10 | 
e N-Channel Silicon-Gate Technology aes Voo 
Al 7 CS(program) 
e 8-Bit Output for Use in Microprocessor- AO 8 a8 | 
Based Systems Qi 9g Q7 
: Q2 10 a6 
e Low Power...315 mW (Typical) ae Ae 
Vss 12 Q4 





description 





The TMS 2716JL is an ultra-violet light-erasable, electrically programmable read only memory. It has 16,384 bits 
organized as 2048 words of 8-bit length. The device is fabricated using N-channel silicon-gate technology for high speed 
and simple interface with MOS and bipolar circuits. All inputs (including program data inputs) can be driven by Series 74 
circuits without the use of external pull-up resistors and each output can drive one Series 74 or 74LS TTL circuit with- 
out external resistors. The TMS 2716 guarantees 250 mV dc noise immunity in the low state. Data outputs are three- 
state for OR-tying multiple devices on a common bus. The TMS 2716 is plug-in compatible with the TMS 2708 and the 
TMS 27L08. Pin compatible mask programmed ROMs are available for large volume requirements. 


This EPROM is designed for high-density fixed-memory applications where fast turn arounds and/or program changes 
are required. It is supplied in a 24-pin dual-in-line cerpak (JL suffix) package designed for insertion in mounting-hole 
rows on 600-mil (15.2 mm) centers. It is designed for operation from O°C to 70°C. 


operation (read mode) 
address (A0-A10) 


The address-valid interval determines the device cycle time. The 11-bit positive-logic address is decoded on-chip to 
select one of 2048 words of 8-bit length in the memory array. AO is the least-significant bit and A10 most-significant 
bit of the word address. | 


chip select, program [CS (Program) ] 


When the chip select is low, all eight outputs are enabled and the eight-bit addressed word can be read. When the chip 
select is high, all eight outputs are in a high-impedance state. 


program 


In the program mode, the chip select feature does not function as pin 18 inputs only the program pulse. The program 
mode is selected by the Vcc(PE) pin. Either 0 V or +12 V on this pin will cause the TMS 2716 to assume program 
cycle. 


data out (Q1-08) 


The chip must be selected before the eight-bit output word can be read. Data will remain valid until the address is 
changed or the chip is deselected. When deselected, the three-state outputs are in a high-impedance state. The out- 
puts will drive TTL circuits without external components. 
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TMS 2716 JL 
2048-WORD BY 8-BIT ERASABLE 
PROGRAMMABLE READ-ONLY MEMORY 


en ae 


operation (program mode) 


erase 


Before programming, the TMS 2716 is erased by exposing the chip through the transparent lid to high 
intensity ultraviolet light (wavelength 2537 angstroms). The recommended minimum exposure dose 
(= UV intensity x exposure time) is fifteen watt-seconds per square centimeter. Thus, a typical 12 
milliwatt per square centimeter, filterless UV lamp will erase the device in aminimum of 21 minutes. The 


lamp should be located about 2.5 centimeters above the chip during erasure. After erasure, all bits are in 
the ‘’1” state. 


programming | 
Programming consists of successively depositing a small amount of charge to a selected memory cell 
that is to be changed from the erased high state to the low state. A low can be changed to a high only by 
erasure. Programming is normally accomplished on a PROM or EPROM Programmer, an example of 
which is Tl’s Universal PROM Programming Module in conjunction with the 990 prototyping system. 
Programming must be done at room temperature (25°C) only. 


to start programming (see program cycle timing diagram) 

First bring the Vcc¢(PE) pin to +12 V or 0 V to disable the outputs and convert them to inputs. This pin is 
held high for the duration of the programming sequence. The first word to be programmed is addressed 
(it is customary to begin with the “0” address) and the data to be stored is placed on the Q1-Q8 program 
inputs. Then a +26V program pulse is applied to the program pin. After 0.1 to 1.0 milliseconds the 
program pin is brought back to 0 V. After at least one microsecond the word address is sequentially 
changed to the next location, the new data is set up and the program pulse is applied. 


Programming continues in this manner until all words have been programmed. This constitutes one of N 
program loops. The entire sequence is then repeated N times with N x tw(PR) = 100 ms. Thus, if tw(PR) = 
1 ms; then N = 100, the minimum number of program loops required to program the EPROM. 


to stop programming 

After cycling through the N program loops, the last program pulse is brought to 0 V, then Program Enable 
Vcc(PE) is brought back to +5 volts which takes the device out of the program mode. The data supplied 
by the programmer must be removed before the address is changed since the program inputs are now 
data outputs and a change of address could cause a voltage conflict on the output buffer. Q1-Q8 outputs 
are invalid up to 10 microseconds after the program enable pin is brought from VjH(PE) to V{L(PE). 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 


Supply voltage: VCC (see Note 1) v2.56 siren Hien eae Giese shee edeawontawenes —0.3 to 15V 
Supply voltage, Vpp (see Note 1) 6... cece ccc cee cnet e ett et tae eeeeteenaes —0.3 to 20 V 
supply voltage. VSs (see Note 1) 22s ceussiads es ced cw ee ns See eawate tu dongs at ieeue —0.3 to 15V 
All input voltage (except program) (see Note 1) 0... ccc cee eee etn e eee enes —0.3 to 20 V 
Program input (see Note 1): | gsiag 2 ceca yc lacs aelan ie aieeene ens iS eesti bee e es —0.3 to 35V 
Output voltage (operating, with respect to VSS)... . cece ccc cee ence cee eee eneeees —2to7V 
Operating free-air temperature range .......... 2. eee cece teense e eee eeesuneee a°C to 70°C 


Storage temperature range 


NOTE 1: Under absolute maximum ratings, voltage values are with respect to the most-negative supply voltage, Vag (substrate), unless otherwise noted. 


Throughout the remainder of this data sheet, voltage values are with respect to Vss. 


*Stresses beyond those listed under “Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions beyond those indicated in the ‘Recommended Operating Conditions” section of this specification is 
not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 


Fee a Ne RE Ne a 
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EPROM 2048x8 


functional block diagram* AO 


*This symbol! is in accordance with IEEE Std 91/ANSI 
Y32.14 and current discussions in IEEE and IEC. See 


explanation on page 183. 





recommended operating conditions 


PARAMETER [ma NOM _MAX_| 
Supply voltage, Vag —4.75 —-5 , 


vss | 


Low-level porgram input voltage, ViL(PR) 
Note: Vi_(pR) max = ViH(PR) -25V 


High-level program pulse input current (sink), ljH(PR) 
Low-level program pulse input current (source), li_(pR) 


Operating free-air temperature, Ta 








PARAMETER TEST CONDITIONS MIN TYPt MAX/{UNITS 


, (oH = — 105 pee 
Hicimieveroitunvonaas 
IOH = —1MA 2 


3.7 

il 
VOL Low-level output voltage lol = 1.6 mA Po 0,45 | 

| Input current (leakage) Vj) =0Vto5.25V fF 0A 
O Output current (leakage) CS (Program) = 5 V PT 100 

28 

C 1 8 
DD 26 
E 
























Supply current from Vcc CS (Program) = 5V i 
Ta = 0°C 
Supply current from Vpp For Ipp MAX, hosts case) mA 


Ip Supply current from PE on Vcc Pin VpE=Vpp nat ma | 


Ta = 70°C 
Ta = 0°C CS =0V 315 595] mW 
Ta = 0°C CS=+5V 375 720 





Vv 

| 

| 

i Supply current from Vaz All inputs high 
Ic 

i 














PDIAV) Power Dissipation 





tAll typical values are at Ta = 25°C and nominal voltages. 
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capacitance over recommended supply voltage range and operating free-air temperature range, 
f= 1MHz 


PARAMETER TYPt MAX UNIT 
Cj Input capacitance [except CS (Program)] | 4  ~—«6 | pF | 
Ci(Cs) CS (Program) input capacitance | 20 = 30] pF | 
Co Output cpacitance | 82] pF 


TAll typical values are at Ta = 25°C and nominal voltages. 














switching characteristics over recommended supply voltage range and operating free-air 
temperature range 


PARAMETER TEST CONDITIONS 
ta(ad) Access time from address Cl = 100 pF 
ta(CS) Recess me er 1 Series 74 TTL Load 
tPpyx Output invalid from address change i ‘ a hias 
tpXz Output disable time NES) ted) 


te(rd) Read Cycle time 























TA = 25°C program characteristics over recommended supply voltage range 


PARAMETER 


tw(PR) Pulse width, program pulse | 01 = 1] ms | 
tT Transition times (except program pulse) | 20 | 


tT(PR) Transition times, program pulse 50 2000 Fons | 
tsu(ad) Address setup time | 10 ws 

















‘sulda) Data setup time ae oe 
tsu(PE) Program enable setup time | 10 | ws 


[ited Rares rover 00 
th(ad,da R) Address hold time after program input data stopped | 0 fens | 
th(da) Data hold time }1000, | ons 
th(PE) Program enable hold time | ons | 
tCL,adX Delay time, CS (Program) low to address change ) ns | 








TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


TMS 2716 JL 
2048-WORD BY 8-BIT ERASABLE 


PROGRAMMABLE READ-ONLY MEMORY 





read cycle timing 


ADDRESSES 


CS (Program) 





program cycle timing 


——_—__——-1 OF N* PROGRAM Loops —————_—_—_________> 


VIH(PE) 
NGCIrE) 


Tsu (PE) 


th(PE) geal 
oa —{ ke tCL, ad X 













VIH u 
ADDRESSES 
VIL 
tsu(ad) wa aT ic [a ‘suladd : | 
Vv Le tyiPR) —al { ~<—- tw(PR) —»! | | 
— IH(PR) 
CS (Program) | | 
t 
VIL(PR) i | 
| thiad,daR) 
tsu(da) >] - thidal >| +r Le tsutaay **r’se)™| ET be teutaa) thidhal ee eee 
VIH 


Qi — Q8 
PROGRAM OUTPUT 
INPUTS VIL 


*Voc (PE) is at 0 V or +12 V through N program loops where N = 100 ms/tw (PR). 


NOTE. Q1-Q8 outputs are invalid up to 10 usec after programing (Vec (PE) goes low). 
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TMS 2716 JL 
2048-WORD BY 8-BIT ERASABLE 
PROGRAMMABLE READ-ONLY MEMORY 





APPLICATIONS INFORMATION 
Ease of Conversion From TMS 2708 To TMS 2716 
A. The TMS 2716 and TMS 2708 have compatible timing, voltage and current parameters in both modes. 
B. The TMS 2716 requires less power than the TMS 2708. 


C. The pinouts are compatible. (See below.) 


TMS 2708 TMS 2716 
A7 1 Ver" A7 1 Vcc(PE)* 
AB 2 A8 AB 2 A8 
A5 3 AQ A5 3 AQ 
A4 4 VBB A4 4 VeBB 
A3 5 CS(PE)* A3 5 A10* 
A2 6 VDD A2 6 Vpp 
Al 7 Program * Al 7 CS(program)* 
AO 8 Q8 AO 8 a8 
Qi 9 Q7 Qi 9 Q7 
Q2 10 Q6 Q2 10 Q6 
Q3 11 Q5 —Q3 11 Q5 
Vss 12 Q4 Vss 12 a4 





Ascan be seen from the above diagrams, only three pins* are modified in going from TMS 2708 to TMS 2716: 


1. The additional address pin requrired for the 16K EPROM is located « on pin 20 which displaces the 
CS/PE functions on the TMS 2708. 


2. Since the Vcc is not required during programming, the PE function shares pin 24 with Vcc on the 
TMS 2716. 


3. The CS function and program function are mutually exclusive during normal read mode (and are 
self-actuated complementary during the program/verify mode) and share pin 18 onthe TMS 2716. 


The diagrams below show how these three pins are actually utilized in the read mode and in the program 
mode. Only pins 18, 20, and 24 need to be shown, as all other pin connections are identical. 
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Read Mode TMS 2708 TMS 2716 
1 24 Vcc * 1 
[}20 CS* 
18 NA* (GND) 
Program (Write) Mode 


TMS 2708 TMS 2716 





TMS 2716 — Easy Programmability On Existing 2708 Programmers 
Existing EPROM Programmers — Upgrading To The TMS 2716 


Most of the EPROM manufacturers have implemented field upgrade modifications to allow TMS 2716 
programming on current EPROM programmers. This is greatly simplified because the TMS 2716 and the 
TMS 2708 are programmed in an identical manner. A slight modification to the socket card, an additonal 
1K X 8 of RAM, and an extra address signal (A10) are all that is required. All timing and voltage parameters are 
identical, so the upgrade is easily accomplished. Programmer manufacturers contacted to date on the TMS 
2716 include: Data !/O, PRO LOG, Texas Instruments, Technico, CramerKit, Shepardson Micro Systems, 
Cromenco, MicroPro, Ramtek, Oliver Audio, Inc., etc. Ultraviolet Erasure lights and fixtures are available from 
Ultraviolet Products, Turner Designs, and others. 


NOTE: Information on EPROM programmers and erasurers are provided only for user convenience and do not indicate any preference by TI. 
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TMS 4732 NL, TMS 4764 NL 
32K AND 64K READ-ONLY MEMORIES 


DECEMBER 1979 





e TMS 4732 ...4096 X 8 Organization 

e TMS 4764 ...8192 X 8 Organization 

e All Inputs and Outputs TTL-Compatible 
e Fully Static (No Clocks, No Refresh) 

e Single 5-V Power Supply 


e Maximum Access Time... 450 ns 


e Minimum Cycle Time ...450 ns 





e 3-State Outputs for OR-Ties 

e Pin-Compatible with TI’s EPROM Family 

e N-Channel Silicon-Gate Technology 

e 8-Bit Output Ideal for Microprocessor Based Systems 





TMS 4732 TMS 4764 
4K X 8 5V ROM 8K X8 5V ROM 
24-PIN 24-PIN** 
DUAL-IN-LINE PACKAGE ~ DUAL-IN-LINE PACKAGE 
A7 1 24 Vcc A7 1 24 Vcc 
AG 2 23 A8 A6 2 23 A8 
A5 3 22 AQ A5 3 22 AQ 
A4 4 21. CS2orCS2 Ad 4 21. +Al2 
A355 20 CS1orCs1 A3. «5 20 S* 
A2 6 19 A10 A2 6 19 A10 
Al 7 18 Alt Al 7 18 A11 
AO 8 17 O8 AQ 8 17 Qs 
Q1 9 16 Q7 Q1 9 16 Q7 
Q2 10 15 Q6 Q2 10 15 Q6 
Q3 11 14 Q5 Q3 11 14 Q5 
Vss 12 13 Q4 Vss 12 13 a4 

* Option: Either S or Non-Clocked 
Chip Enable/Power Down (E) 

** Also available in 28-pin Dual-in- 
line package. Both 24-pin and 
28-pin packages are compatible 
with TI 64K EPROMs, 

description 


T! provides ROMs on a custom basis. Density options are 32K and 64K. Both devices are pin compatible with Tl 32K 
and 64K 5 V ROMs and EPROMs. Any additional specifications should be made at the time of the order. For further 
information, contact a nearby sales office or write Texas Instruments, P. O. Box 1443, M/S 6965, Houston, Texas 77001. 
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MEMORY TMM 10000 SERIES 
SYSTEMS | ADD-IN MEMORY FOR LSI-11 COMPUTERS 


JANUARY 1980 





e High Density: 64K Words X 18 Bits (for LSI-11/23), 32K Words X 18 Bits (for LSI-11/2) 
e Completely Compatible with Q BUS and Q BUS PLUS Systems 

e Extended Addressing to 1 Megabyte (Optional) 

e Single 5-Volt Supply, Low Power Consumption 

e Parity Logic on Board 

e High Performance (with Parity Generation and Checking 

e Internal, Transparent Refresh 








description 


The TMM 10000 Series add-in memory module is offered in two versions, each of which is compatible with the LSI-11 
Q BUS and Q BUS PLUS system. The TMM 10103 module plugs directly into the DEC LSI-1 1/23 (PDP-11/23) com- 
puter; the TMM 10101 module plugs directly into the DEC LSI-11/2 (PDP-11/03) computer. All interface specifications 
are totally compatible. The modules use the TMS 4532 five-volt 32K dynamic RAM for high performance and low 
power. Both feature on-board parity logic. 


a 





NOTE: Q BUS, O BUS PLUS, and DEC are trademarks of the Digital Equipment Corporation. 
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TMM 10000 SERIES 


ADD-IN MEMORY FOR LSI-11 COMPUTERS 





specifications 
Memory Capacity: 


MODEL NO. 
TMM-10103-18P 
TMM-10101-18P 


Timing: 
Read Access 
Write Access 
Read/Write Cycle 


Power: 


+5 V, 10.5 W Active 


7.9 W Standby 
5.25 W Battery back-up 


Physical: 


Single width, double height 


(5.2 X 8.9”) 


Environmental, Operating: 


5°C to 60°C 


WORDS BITS/WORD 
65,536 16 + 2 parity bits 
32,368 16 + 2 parity bits 

200 ns 
150 ns 
450 ns 


10% to 95% relative humidity, non-condensing 


features 
1/0 Page Size 
Starting Address 
Total Address Space” 
Parity 
Memory Refresh 
Battery Back-Up 


512, 2048, 3072, or 4096 words 
Any 4K word boundary 

128K words 

Generated on board 

Internal or external 


Enable with +5 V to pin AV1 


*20 Address Lines are available for user expansion of system memory to 512K words. 
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MEMORY TMM 20000 SERIES 
SYSTEMS ADD-IN MEMORY FOR PDP COMPUTERS 


JANUARY 1980 





High Density ... 256K, 128K, or 96K (16 Bit) Words, Plus 6 Bits for Error Detection and Correction 
Completely Compatible with PDP-11 UNIBUS (Modified or Extended) Systems 


Single-Bit Error Correction, Double-Bit Error Detection with Visual Display 





e Twenty-two Address Lines Allow for Future Expansion to 2M Words 


Single +5-Volt Supply, Low Power Consumption 


Error Logging Capability Via User Program 





description 


The TMM 20000 Series add-in modules are fully compatible with the DEC PDP-11 family of UNIBUS computers. Em- 
ploying the TMS 4532 32K Dynamic RAM, these modules offer high density and operate from a single five-volt power 
supply with low power consumption. These modules offer high speed, increased reliability, and error detection and cor- 
rection, and are designed to allow direct upgrade to the TMS 4164 64K Dynamic RAM. Battery back-up is jumper 
selectable. 


error detection and correction (EDAC) 


On-board circuitry performs single-bit error correction and double-bit error detection. Control (CSR) and error (ESR) 
status registers, with single- and double-bit error display are standard. All error detection and correction operations are 
transparent to the operating system. 


NOTE: UNIBUS and DEC are trademarks of the Digital Equipment Corporation. 
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TMM 20000 SERIES 
ADD-IN MEMORY FOR PDP COMPUTERS 





specifications 


Memory Capacity: 


MODEL NO. WORDS BITS/WORD 
TMM-20106-22E 262,144 22 
TMM-20105-22E 131,072 22 
TMM-20104-22E 98 304 22 
Timing: 

Read access 425 ns 

Write access 200 ns 

Read/write cycle 550 ns 
Power: 


+5 V, 20 W active; 12 W standby/backup 


Physical: 


Single width, hex height 


Environmental, Operating: 


OC - 50°C; 10% - 95% Relative Humidity (Noncondensing) 


programmable features 


Modified or extended UNIBUS: switch select 
|/O page size: 2K, 4K, or 8K words (switch select) 
Starting address (switch select): any 16K word boundary 


Total address space (switch select): modified UNIBUS - 128K words (256K bytes) 
extended UNIBUS- 2048K words (4M bytes) 


Control status register (CSR) address location (switch select): 1 of 16 
Error status register (ESR): on or off 


Battery backup: enable or disable (jumper) 
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MECHANICAL DATA 





general 


Electrical characteristics presented in this catalog, unless otherwise noted, apply to device type(s) listed in the page 
heading, regardless of package. Factory orders for devices described should include the complete part-type numbers 
listed on each page. 


MOS NUMBERING SYSTEM 


EXAMPLE: IMS 40144 —20 Nt 







TI MOS Prefix Speed Range Temperature Range 





Max Access J Cerpak L O°Cto 70°C 
—15 150ns JD Side Braze 
—20 200ns N Plastic Dip 
—25 250ns 
-30 300ns 
—35 350ns 
45 450ns 


manufacturing information 
Die-attach is by standard gold silicon eutectic or by conductive polymer. 


Thermal compression gold wire bonding is used on plastic packaged circuits. Typical bond strength is 5 grams. Bond 
strength is monitored on a !ot-to-lot basis. Any preseal bond strength of less than 2 grams causes rejection of the entire 
lot of devices. On hermetic devices either thermal compression or ultrasonic wire bonding is used. All hermetic MOS LSI 
devices produced by TI are capable of withstanding 5 X 10—’ atm cc/sec inspection and may be screened to 5 X 10—® 
atm cc/sec fine leak, if desired by the customer, for special applications. 


All packages are capable of withstanding a shock of 3000 g. All packages are capable of passing a 20,000 g acceleration 
(centrifuge) test in the Y-axis. Pin strength is measured by a pin-shearing test. All pins are able to withstand the applica- 
tion of a force of 6 pounds at 45° in the peel-off direction. 


dual-in-line packages 
A pin-to-pin spacing of 100 mils (2.54 mm) has been selected for standard dual-in-line packages. 


Tl uses two basic types of hermetically sealed ceramic dual-in-line packages. The first type is the sidebrazed package 
cap and tin-plated leads. The second is the cerpak which is similar to the cerdip but has a clear or opaque lid above 
the bar. 


* Inclusion of an “L”’ in the product identification indicates the device operates at low power. 
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All measurements are given using both English and metric systems. Under the English system, the 
measurements are given in inches; under the metric system, the measurements are given in millimeters. 
The metric system measurements are indicated in parentheses next to the English. 


ceramic packages — side braze (JD suffix) 








UCT 
INDEX | 


(DOT, TRIANGLE, , par era een a 
OR NUMBER 











‘ 0.020 


(0.508) 
MIN “| 
SEATING 


a 
105° 
0.01140.003—+||— PIN Sonciie= 2 aL 


(0.279 + 0.076) 0.100 (2.54) NOM 0.018+0.003 


(0.457 + 0.076) 
SS foe fe fe fe 


0.070 (1.778) MAX 





0.200 (5.08) MAX 





0.125 (3.175) MIN 















ae 2 
; 0.600 
; ( (15.24) 
B(MAX) 0.840 0.910 1.020 1.100 1.290 1.415 
(21.34) | (23.11) | (25.91) | (27.94) | (32.77) | (35.94) 


C(NOM) 0.295 0.295 0.295 0.395 0.595 0.595 
(7.493) | (10.03) | (15.11) | (15.11) 


: 
A +0.010 0.300 0.300 0.300 0.400 0.600 
{+ 0.025) (7.62) (7.62) (7.62) | (10.16) | (15.24) 
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ceramic packages — cerpak (J suffix) 














0.015 (0.381) MIN 4 0.220 (5.588) MAX 
SEATING ices aces 
| | _ 0.125 (3.175) MIN 
0.011 + 0.003 >-— 0.018 + 0.003+||-- 0.033 (0.838) NOM 
(0.279 + 0.076) (0.457 + 0.076) 0.070 (1.778) MAX 
PIN SPACING 


0.100 (2.54) NOM 





A (MAX) 0.625 0.625 
(15.88) (15.88) 

B (MAX) 1.290 1.490 
(32.77) (37.85) 

C (MAX) 0.600 0.600 
(15.24) (15.24) 
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plastic packages (N suffix) 





B MAX 
N 





EITHER rhe 
OR BOTH | 
¢ INDEX MARKS 


1. —_— 






0.020 (0.508) MING 


€ 
A 
MAX 
SEATING ae 


0.011 + 0.003—+{}-— 0.018 + 0.003 ~+||+- 


(0.279 + 0.076) (0.457 + 0.076) 











0.200 (5.08) MAX 
: | 0.125 (3.175) MIN 
' +— 0,033 (0.838) NOM 

0.070 (1.778) MAX 






PIN SPACING 
0.100 (2.54) NOM 


















0.325 0.325 0.425 | 0.625 0.625 
(8.255) | (8.255) | (8.255) | (10.80) | (15.88) | (15.88) 
0.920 1.070 1.120 | 1.270 1.440 
(23.37) | (27.18) | (28.45) | (32.26) | (36.58) 
0.270 0.270 0.355 | 0.550 0.550 
(6.858) | (6.858) | (9.017) } (13.97) | (13.97) 


0.270 
(6.858) 
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MANUFACTURING FLOW 





Standard Hermetic Processing Flow* 


Slice Sawing 





t 
Chip Inspection 
1 
Chip Alloyed into Header 
1 
Ultrasonic or Thermocompression Bond 
1 
Preseal Inspection 
1 
Seal 
1 
Temperature Cycle (10 cycles at —65°C to 150°C) 
y 
Centrifuge (20,000 G in Y1 direction) 

J 

Tin Plate 

1 

Fine Leak (5 X 10-8 atm cc/sec) 
1 
Gross Leak (C2 modified) 
1 
Lead Tie-bar Sheared 

Testing 

1 
Q/A Inspection 

1 

Shipment 

* For cerdip, cerpak, and sidebraze ceramic packages, 
TEXAS INSTRUMENTS 163 


INCORPORATED 


POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 











164 


MANUFACTURING FLOW 








Standard Plastic Processing Flow 


Slice Sawing 
J 
Chip Inspection 
4 
Chip Alloyed or Epoxied onto Leadframe 
} 
Thermocompression Bond 
J 
Premold Inspection 
1 
Mold 
1 
Tie-bar Sheared 
| 
Testing 
t 
Q/A Inspection 
L 
Shipment 
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TESTING/RELIABILITY - - TESTING/ 





REL 





TESTING/RELIABILITY 





In order to ensure the highest in quality and performance, each and every MOS memory device manufactured by the Tl 
MOS Memory Division is thoroughly tested before being shipped. Testing is done during assembly by process engineer- 
ing (indicated on the manufacturing flow in the previous section); After assembly by product engineering (final test); 
and after final test by quality and reliability assurance engineering. Every device is tested during the first two stages 
after which they are received by QRA for random screening for reliability. Outlines of the final test procedure and QRA 
screening process by family type are included in this section. 


DYNAMIC RAMs — FINAL TEST 


ASSEMBLY 


VERIFIES ELECTRICAL AND TIMING 
PARAMETERS AT WORST CASE LIMITS 

Vee = —5.5 V, = 4.5 V, Vpp = 13.2 V, = 10.8 V 
TEMPERATURE = 25°C 


PRE- 
BURN-IN 
SCREENING 


CONTINUOUSLY VERIFIES EVERY MEMORY LOCATION 
WITH ALTERNATING “1s AND “0's USING READ- 7 
MODIFY-WRITE CONDITIONS 

PHASE 1 

NOMINAL VOLTAGES FOR 24 HOURS 

PHASE 2 

CHANGE SOCKETS 

CONTINUE AT STRESS VOLTAGES FOR 8 HOURS, Vpp = 18 V, 
Veg =-7V 

TEMPERATURE = 125°C 

2.6 uSEC CYCLE TIME, 50% DUTY CYCLE 


EXTENSIVE PARAMETRIC AND FUNCTIONALITY 
TESTING AT WORST CASE SUPPLY VOLTAGES 
TEMPERATURE = 25°C 

GUARDBAND TESTING FOR 0°C OPERATION 


POST 
BURN-IN 
SCREENING 


HIGH FINAL AND MOST EXTENSIVE PARAMETRIC AND 
TEMPERATURE FUNCTIONALITY TESTING 
SCREENING TEMPERATURE SCREEN TO GUARANTEE 70°C AMBIENT OPERATION 
AND SORT AT WORST CASE SUPPLY VOLTAGES 
SPEED SORT 








QUALITY AND RELIABILITY 
ASSURANCE 
GROUP 


QUALITY 
ACCEPTANCE 
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DYNAMIC RAMs —~ QRA FLOW 


NEW PROCESS/PACKAGE? 


QUALIFICATION FOR DYNAMIC RAMS 

















MINIMUM OF 3 LOTS 






SAMPLE 


ENVIRONMENT SIZE 


PACKAGE 










LIFE TEST 85°C 
(1000 HRS) 125°C 


THERMAL SHOCK 
TEMPERATURE CYCLE 25 H 
MOISTURE RESISTANCE 


TEMPERATURE CYCLE 


MECHANICAL SHOCK 
VIBRATION (VAR. FREQ.) 25 H 
CONSTANT ACCELERATION 


£5°C/85% R.H. 
PRESSURE COOKER 
150°C STORAGE 





















H = HERMETIC PACKAGE 

P = PLASTIC PACKAGE 

ALL SELECTIONS ARE RANDOM 
LIFE TEST UNITS ELECTRICALLY 
TESTED; PACKAGE ENVIRONMENTS 
FOLLOWED BY ELECTRICAL AND 
HERMETICITY (H ONLY) TESTS 
(SEE MECHANICAL DATA SECTION) 


NO 
PROCESS/PACKAGE MONITOR 


50 UNITS CHOSEN WEEKLY 


LIFE TEST, 125°C, 48 HRS 
{H, P) 


200 UNITS CHOSEN MONTHLY 


LIFE TEST, 125°C, 1000 HRS 
{H, P) 


MINIMUM OF 100 UNITS 
CHOSEN MONTHLY FROM 
AS MANY DATE CODES AS 
POSSIBLE 


SAMPLE 


ENVIRONMENT SIZE 


PACKAGE 
THERMAL SHOCK 

TEMPERATURE CYCLE 

MOISTURE RESISTANCE 

EXTENDED TEMP. CYCLE 


MECHANICAL SHOCK 
VIBRATION (VAR. FREQ.) 
CONSTANT ACCELERATION 


TEMPERATURE CYCLE 
THERMAL SHOCK 


85°C/85% R.H. 


PRESSURE COOKER 
MOISTURE RESISTANCE 
150°C STORAGE 
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STATIC RAMs — FINAL TEST 


ASSEMBLY ACTIVE VERIFIES 
POWER Icc MAX 
TEST -AT Vcc MAX- 


LEAKAGE VERIFIES 
CURRENT ly & loz 
TEST -AT Vcc MAX- 


STANDBY VERIFIES 
POWER STANDBY BY Icc MAX 
TEST -AT Vcc MAX- 


VERIFIES 
EVERY MEMORY 
LOCATION CAN 

BE ADDRESSED 

BY ADDRESS DECODE 
& X - Y SELECT (ADSL) 
-AT Vec NOM WORST 
CASE INPUT LEVELS- 


VERIFIES PROPER 

DEVICE OPERATION 
(EXTENSIVE PATTERNS 

& DATA SHEET TIMING 
PARAMETERS 

-AT Vcc MAX & Vcc MIN 
WORST CASE AND BEST CASE 
INPUT LEVELS- 


GROSS 
FUNCTIONAL 


TEST FUNCTIONAL 


TEST 
SERIES 





VERIFIES THAT 
DATA IS RETAINED 

DURING STANDBY QUALITY QUALITY AND RELIABILITY 
-AT WORST CASE Vcc- ACCEPTANCE ASSURANCE GROUP 


STATIC 
HOLD 
TEST 





ALL TESTS ARE DONE AT HIGH 
TEMPERATURE (Ta = 70°C). 


STATIC RAMs — QRA FLOW 


NEW PROCESS/PACKAGE? 


YES NO 


QUALIFICATION PROCESS/PACKAGE MONITOR 
50 UNITS CHOSEN WEEKLY 
MINIMUM OF 3 LOTS (SOME FROM MONTHLY GROUP) MINIMUM OF 100 UNITS 


CHOSEN MONTHLY FROM 
AS MANY CODES AS POSSIBLE 
LIFE TEST, 125°C, 48 HRS 
SAMPLE 
ENVIRONM 
ONMENT ive 
SAMPLE 
LIFE TEST 85°C ENVIRONMENT Sige 
(1000 HRS) 125°C 
LIFE TEST, 125°C 
TEMPERATURE CYCLE , 50 
TEMPERATURE CYCLE 20 








85°C/85% R.H. 
PRESSURE COOKER 
150°C STORAGE 


THERMAL SHOCK 20 
85°C/85% R.H. 20 
PRESSURE COOKER 20 
MOISTURE RESISTANCE 20 





ALL PACKAGES ARE PLASTIC 
LIFE TEST UNITS ELECTRICALLY TESTED; PACKAGE ENVIRONMENTS FOLLOWED BY ELECTRICAL TESTS 
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EPROMs — FINAL TEST FINAL TEST 


ASSEMBLY 


PARAMETRIC VERIFY LEAKAGE CURRENT — INPUT/OUTPUT, 
TEST HIGH/LOW; POWER SUPPLY CURRENT — 
SERIES ACTIVE MODE AND POWER DOWN MODE 










FUNCTIONAL VERIFY ERASEABILITY (ALL ONES); 
TEST PROGRAMMABILITY (WORST CASE); 
SERIES ADDRESS DECODERS 





PROGRAMMING 


TEST VERIFIES ALL BITS ARE PROGRAMMABLE 


DATA VERIFIES LONG LIFE CHARGE STORAGE ~— 
RETENTION DEVICES ARE BAKED OVER LONG PERIOD 
TEST TO INSURE SUCH 


FUNCTIONAL VERIFIES MAXIMUM SPEED AT WORST 
SPEED CASE SUPPLY LEVELS AND WORST CASE 
TEST INPUT LEVELS 





ERASEABILITY 


TEST VERIFIES ALL BITS ARE ERASEABLE 


QUALITY 


ACCEPTANCE QAULITY AND RELIABILITY ASSURANCE GROUP 


EPROMs — QRA FLOW 


NEW PROCESS/PACKAGE? 


YES NO 


QUALIFICATION PROCESS/PACKAGE MONITOR 
(EPROMS) 
50 UNITS CHOSEN WEEKLY 
MINIMUM OF 100 UNITS 
| MINIMUMOF3LOTS | (SOME FROM MONTHLY GROUP) BUAEEH MGR E Gy CECH 





AS MANY DATA CODES AS 





LIFE TEST, 125°C, 48 HRS POSSIBLE 
SAMPLE 
ENVIRONMENT pitts 
ENVIRONMENT perils 
LIFETEST 985°C 100 


(1000 HRS) 105°C 100 LIFE TEST 125°C 

125°C 100 48 HRS, WEEKLY AND 50 
THERMAL SHOCK 1000 HRS, ONCE A MONTH 
TEMPERATURE CYCLE 25 THERMAL SHOCK 
MOISTURE RESISTANCE TEMPERATURE CYCLE 





ere TEMPERATURE 25 _. IN ADDITION MOISTURE RESISTANCE 


MECHANICAL SHOCK LIFE TEST UNITS EXTENDED TEMP. CYCLE 
VIBRATION VAR. FREQ. 25 ELECTRICALLY TESTED; MECHANICAL SHOCK 
CONSTANT ACCELERATION PACKAGE ENVIRONMENTS VIBRATION VAR. FREQ. 
FOLLOWED BY ELECTRICAL CONSTANT ACCELERATION 
AND HERMETICITY TESTS. 





ALL PACKAGES ARE HERMETIC 
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GLOSSARY/TIMING CONVENTIONS/DATA SHEET STRUCTURE 





PART | — GENERAL CONCEPTS AND TYPES OF MEMORIES 

Address — Any given memory location to which data can be stored or retrieved. 

Automatic Chip-Select/Power Down — (see Chip Enable Input) 

Bit — Contraction of Binary digiT, e.e., a 1 or O, in electrical terms a lack of or the presence of charge, voltage, or current. 
Byte — A word of 8 bits (see word) 


Chip Enable Input — A control input to an integrated circuit that when active permits operation of the integrated circuit for 
input, internal transfer, manipulation, refreshing, and/or output of data and when inactive causes the integrated circuit 
to be in areduced-power standby mode. 


Chip Select Input — Chip select inputs are gating inputs that control the input to and output from the memory. They may 
be of two kinds: 


1. Synchronous — Clocked/latched with the memory clock. Affects the inputs and outputs for the duration 
of that memory cycle. 
2. Asynchronous — Has direct asynchronous control of inputs and outputs. In the read mode, an asynchronous 


chip select functions like an output enable. 


Column Address Strobe (CAS) — A clock used in dynamic RAMs to control the input of column addresses. It can be active 
high (CAS) or active low (CAS). 


Data — Any information stored or retrieved from a memory device. 


Dynamic (Read/Write) Memory (DRAM) — A read/write memory in which the cells require the repetitive application of con- 
trol signals in order to retain the stored data. 





NOTES: 1. The words “read/write’’ may be omitted from the term when no misunderstanding will result. 
Z: Such repetitive application of the control signals is normally called a refresh operation. 
3; A dynamic memory may use static addressing or sensing circuits. 
4. This definition applies whether the control signals are generated inside or outside the integrated 
circuit. 


Electrically Alterable Read-Only Memory (EAROM) — A nonvolatile memory that can be field-programmed like a PROM or 
EPROM, but that can be electrically erased by a combination of electrical signals at its inputs. 


Erasable and Programmable Read-Only Memory (EPROM)/Reprogrammable Read-Only Memory — A field-programmable 
read-only memory that can have the data content of each memory cell altered more than once. 


Erase — Typically associated with EPROMs and EAROMs. The procedure whereby programmed data is removed and the device 
returns to its unprogrammed state. 





Field-Programmable Read-Only Memory — A read-only memory that after being manufactured, can have the data content of 
each memory cell altered. 


Fixed Memory — A common term for ROMs, EPROMs, EAROMsS, etc., containing data that is not normally changed. A more 
precise term for EPROMs and EAROMs is nonvolatile since their data may be easily changed. 





Fully Static RAM — \|n a fully static RAM, the periphery as well as the memory array is fully static. The periphery is thus 
always active and ready to respond to input changes without the need for clocks. There is no precharge required for 
static periphery. 


K — When used in the context of specifying a given number of bits of information, 1K = 2!° = 1024 bits. Thus, 64K = 
64 X 1024 = 65,536 bits. 


Large-Scale-Integration (LS!) — The description of any IC technology which enables condensing more than 100 equivalent 
gates onto a single chip. 
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Mask-Programmed Read-Only Memory — A read-only memory in which the data content of each cell is determined during 
manufacture by the use of a mask, the data content thereafter being unalterable. 


Memory — A medium capable of storage of information from which the information can be retrieved. 


Memory Cell — The smallest subdivision of a memory into which a unit of data has been or can be entered, in which it is or 
can be stored, and from which it can be retrieved. 


Metal-Oxide Semiconductor (MOS) — The technology involving photolithographic layering of metal and oxide to produce a 
semiconductor device. 


NMOS — A type of MOS technology in which the basic conduction mechanism is governed by electrons. (Short for N-channel 
MOS) 


Nonvolatile Memory ~— A memory in which the data content is maintained whether the power supplied is connected or not. 


Output Enable — A control input that, when true, permits data to appear at the memory output, and when false, causes the 
output to assume a high-impedance state. (See also chip select) 


PMOS — Atype of MOS technology in which the basic conduction mechanism is governed by holes. (Short for P-channel MOS) 


Parallel Access — A feature of amemory by which all the bits of a byte or word are entered simultaneously at several inputs or 
retrieved simultaneously from several outputs. 


Power Down — A mode of a memory device during which the device is operating in a low power or standby mode. Normally 
read or write operations of the memory are not possible under this condition. 


Program — Typically associated with EPROM memories, the procedure whereby logical O's (or 1’s) are stored into various 
desired locations in a previously erased device. 


Program Enable — An input signal that when true, puts a programmable memory device into the program mode. 


Programmable Read-Only Memory (PROM) — A memory that permits access to any of its address locations in any desired 
sequence with similar access time to each location. 
NOTE: The term as commonly used denotes a read/write memory. 


Read — A memory operation whereby data is output from a desired address location. 


Read-Only Memory (ROM) — A memory in which the contents are not intended to be altered during norma} operation. 
NOTE: Unless otherwise qualified, the term “‘read-only memory“’ implies that the content is determined by its 
structure and is unalterable. , 


Read/Write Memory — A memory in which each cell may be selected by applying appropriate electrical input signals and the 
stored data may be either (a) sensed at appropriate output terminals, or (b) changed in response to other similar electrical 
input signals. 


Row Address Strobe (RAS) — A clock used in dynamic RAMs to control the input of the row addressed. It can be active high 
(RAS) or active low (RAS}. 


Scaled-MOS (SMOS) — MOS technology under which the device is scaled down in size in three dimensions and in operating 
voltages allowing improved performance. 


Semi-Static (Quasi-Static, Pseudo-Static) RAM — \n a semi-static RAM, the periphery is clock-activated (i.e., dynamic). Thus 
the periphery is inactive until clocked, and only one memory cycle is permitted per clock. The peripheral circuitry must 
be allowed to reset after each active memory cycle for a minimum precharge time. No refresh is required. 


Serial Access — A feature of a memory by which all the bits are entered sequentially at a single input or retrieved sequentially 
form a single output. 


Static RAM (SRAM) — A read/write random-access device within which information is stored as latched voltage levels. The 
memory cell is a static latch that retains data as long as power is applied to the memory array. No refresh is required. 
The type of periphery circuitry sub-categorizes static RAMs. 


a a ae a a a I I I AB i I A OCI 
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Very-Large-Scale-Integration (VLSI) — The description of any IC technology which enables condensing over 1,000 equivalent 
gates into a single chip. 


Volatile Memory — A memory in which the data content is lost when power supplied is disconnected. 
Word — A series of one or more bits that occupy a given address location and that can be stored and retrieved in parallel. 
Write — A memory operation whereby data is written into a desired address location. 


Write Enable — A control signal that when true causes the memory to assume the write mode, and when false causes it to 
assume the read mode. 


PART Il — OPERATING CONDITIONS AND CHARACTERISTICS (INCLUDING LETTER SYMBOLS) 


The symbols for quantities involving time use upper and lower case letters according to the following historically evolved 





principles: 
a. Time itself, is always represented by a lower case t. 
b. Subscripts are lower case when one or more letters represent single words, e.g., d for delay, su for setup, rd 
for read, wr for write. 
Cc. Multiple subscripts are upper case when each letter stands for a different word, e.g., CS for chip select, PLH 


for propagation delay low to high, RMW for read, modify, write. 
Access Time 


The time between the application of aspecified input pulse during a read cycle and the availability of valid data signals 
at an output. 


Example symbology: 





ta(ad, LH) Access time from address, low-to-high-level output 
ta(ad,HL) Access time from address, high-to-low-level output 
ta(CE), ta(E) Access time from chip enable 
ta(CS), ta(S) Access time from chip select 

Capacitance 


The inherent capacitance on every pin, which can vary with various inputs and outputs. 


Example symbology: 


Cj Input capacitance 
Co Output capacitance 
Ci(D) Input capacitance, data input 


Current 





High-level input current, IpH 
The current into an input when a high-level voltage is applied to that input. a 


High-level output current, IOH 
The current into* an output with input conditions applied that according to the product specification will establish a 
high level at the output. 


Low-level input current, IL 
The current into an input when a low-level voltage is applied to that input. 


Low-level output current, lo 
The current into” an output with input conditions applied that according to the product specification will establish a 
low level at the output. 


* Current out of a terminal is given as a negative value. 
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Off-state (high-impedance-state) output current (of a three-state output), |Oz 
The current into” an output having three-state capability with input conditions applied that according to the product 
specification will establish the high-impedance state at the output. 


Short-circuit output current, los 
The current into” an output when the output is short-circuited to ground (or other specified potential!) with input con- 
ditions applied to establish the output logic level farthest from ground potential! (or other specified potential). 


Supply current Ipp, Icc, IDD. IPP 
The current into, respectively, the Vgp, Vcc, VDD. VPP supply terminals. 


* Current out of a terminal is given as a negative value, 
Cycle Time 


Read cycle time, te(rd) (See Note) 
The time interval between the start and end of a read cycle. 


Read-write cycle time, te(RW) (or read-modify-write cycle time, te(RMW) (See Note) 
The time interval between the start of a cycle in which memory is read and new data is entered and the end of that cycle. 


Write cycle time, te(wr) 

The time interval between the start and end of a write cycle. 

NOTE: A cycle time is the actual time between two intervals and may be insufficient for the completion of opera- 
tions within the memory. A minimum value is specified that is the shortest time in which the memory will 
perform its read and/or write function correctly. 


Data Valid Time 


Data valid time with respect to chip select, tpy(Cs) 
The interval following chip deselection during which output data continues to be valid. 


Data valid time with respect to address, tp (ad) 
The interval following an initial change of address during which data stored at the initial address continues to be valid 
at the output. 


Delay Time 
The time between the specified reference points on two waveforms. 


Example symbology: 


td(o1 - 62) Delay time, clock 1 to clock 2 
td(PH-CEH) Delay time, precharge high to chip enable high 
tRLCH Delay time, RAS going low to CAS going high (new symbology) 
Hold Time 
Hold time, th 


The interval during which a signal is retained at a specified input terminal after an active transition occurs at another 

specified input terminal. 

NOTES: 1. The hold time is the actual time between two events and may be insufficient to accomplish the in- 
tended result. A minimum value is specified that is the shortest interva! for which correct operation 
of the logic element is quaranteed. 

2: The hold time may have a negative value in which case the minimum limit defines the longest interval 
(between the release of data and the active transition) for which correct operation of the logic element 
is guaranteed. 
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Example symbology: 


th(ad) Address hold time | 
th(da) Data hold time | 
th(rd) Read hold time 
th(wr) Write hold time 
th(rs) Reset hold time 


Operating Free-Air Temperature 
The temperature (Ta) range over which the device will operate and meet the specified electrical characteristics. 


Output Enable and Disable Time 





Output enable time (of a three-state output) to high level, tpzy (or Inw level, tpz_,) 


The propagation delay time between the specified reference points on the input and output voltage waveforms with the 
three-state output changing from a high-impedance (off) state to the defined high (or low) level. 


Output enable time (of a three-state output) to high or low level, tpzx 


The propagation delay time between the specified reference points on the input and output voltage waveforms with the 
three-state output changing from a high-impedance (off) state to either of the defined active levels (high or low). 


Output disable time (of a three-state output) from high level, tpyz (or low level, tpLz) 


The propagation delay time between the specified reference points on the input and output voltage waveforms with the 
three-state output changing from the defined high (or low) level to a high-impedance (off) state. 


Output disable time (of a three-state output) from high or low level, tpxz 


The propagation delay time between the specified reference points on the input and output voltage waveforms with the 
three-state output changing from either of the defined active levels (high or low) to a high-impedance (off) state. 


Propagation Time 
Propagation delay time, tpp 


The time between the specified reference points on the input and output voltage waveforms with the output changing 
from one defined level (high or low) to the other defined level. 


Propagation delay time, low-to-high-level output, tp_ yy 


The time between the specified reference points on the input and output voltage waveforms with the output changing 
from the defined low level to the defined high level. 


Propagation delay time, high-to-low-level output, tpHL 





The time between the specified reference points on the input and output voltage waveforms with the output changing 
from the defined high level to the defined low level. 


Pulse Width 


Pulse width, ty 





The time interval between specified reference points on the leading and trailing edges of the pulse waveform. 


Example symbology: 





tw(CEH) Pulse width, chip enable high 
tw(CEL) Pulse width, chip enable low 
tw(clr) Clear pulse width 

tw(CS) Chip-select pulse width 

tw() Clock pulse width 

twi(rs) Reset pulse width 

tw(wr) Write pulse width 
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Refresh Time Interval 


Refresh time interval, trefresh (or tREF) 


The time interval between the beginnings of successive signals that are intended to restore the level in a dynamic memory 
cell to its original level. 


NOTE: The refresh time interval is the actual time between two refresh operations and may be insufficient to pro- 
tect the stored data. A maximum value is specified that is the longest interval for which correct operation is 
guaranteed. 


Setup Time 


Setup time, tsy 


The time interval between the application of a signal that is maintained at a specific input terminal and a specified sub- 

sequent active transition at another specified input terminal. 

NOTES: 1. The setup time is the actual time between two events and may be insufficient to accomplish the set- 
up. Minimum value is specified that is the shortest interval for which correct operation of the logic 
element is guaranteed. 

2. The setup time may have a negative value in which case the minimum limit defines the longest interval 
(between the active transition and the application of the other signal) for which correct operation of 
the logic element is guaranteed. 


Example symbology: 


tsu(ad) Address setup time 
tsu(da) Data setup time 
tsu(rd) ‘ Read setup time 
tsu(wr) Write setup time 


Transition Time 


Transition time, low-to-high-level, tTLH 


The time between a specified low-level voltage and a specified high-level voltage on a waveform that is changing from 
the defined low level to the defined high level. Also known as rise time, tr. 


Transition time, high-to-low-level, tTHL 


The time between a specified high-level voltage and a specified low-level voltage on a waveform that is changing from 
the defined high level to the defined low level. Also known as fall time, tf. 


Voltage 


High-level input voltage, Vip 


An input voltage within the more positive (less negative) of the two ranges of values used to represent the binary 

variables. 

NOTE: A minimum is specified that is the least positive value of high-level input voltage for which operation of 
the logic element within specification limits is guaranteed. 


High-level output voltage, VOH 


The voltage at an output terminal with input conditions applied that according to the product specification will establish 
a high level at the output. 


Low-level input voltage, Vj L 


An input voltage level within the less positive (more negative) of the two ranges of values used to represent the binary 

variables. 

NOTE: A maximum is specified that is the most positive value of low-level input voitage for which operation of 
the logic element within specification limits is guaranteed. 
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Low-level output voltage, VoL 


The voltage at an output terminal with input conditions applied that according to the product specification will establish 
a low level at the output. 


Supply Voltages, Veg, Vcc, Vppb, Vpp 


The voltages supplied to the corresponding voltage pins that are required for the device to function. From one to four 
of these supplies may be necessary, along with ground, Vss. 


PART If — TIMING DIAGRAMS CONVENTIONS 





MEANING 
TIMING DIAGRAM INPUT OUTPUT 
SYMBOL FORCING FUNCTIONS RESPONSE FUNCTIONS 
Must be steady high or low Will be steady high or low 


Will be changing f high 
High-to-low changes puna ae clue. 


; to low sometime during 
permitted : 
designated interval 
Will be changing from low 
Low-to-high changes ‘ a . 
' to high sometime during 
permitted 


designated interval 


eacaesenl Don’t Care State unknown or changing 


Center line is high-impedance 


D t | 
(Does not apply) off-state 


PART IV — BASIC DATA SHEET STRUCTURE 


The front page of the data sheet begins with a list of key features such as organization, interface, compatibility, opera- 
tion (static or dynamic), access and cycle times, technology (N or P channel, silicon or metal oxide gate), and power. 
In addition, the top view of the device is shown with the p/nout provided. Next a general description of the device, 
system interface considerations, and elaboration on other device characteristics are presented. The next section is an ex- 
planation of the device’s operation which includes the function of each pin {i.e., the relationship between each input 
(output) and a given type of memory). The functions basically involve starting, achieving, and ending a given type of 
memory cycle (e.g., programming or erasing EPROMs, or reading a memory location). 





Usually the next few pages contains the abso/ute maximum ratings (e.g., voltage supplies, voltage input, and tempera- 
ture) over the operating free-air temperature range. \f the device is used outside of these values, it may be permanently 
destroyed or at least it would not function as intended. Following this table is usally a functional block diagram, a flow 
chart of the basic internal structure of the device showing the signal paths for data, addresses, and control signals, as 
well as the internal architecture. Next, typically, are the recommended operating conditions (e.g., supply voltages, input 
voltages, and operating temperature), The memory device is guaranteed to work reliably and to meet all data sheet para- 
meters when operated in accord with the recommended operating conditions and within the specified timing. If the 
device is operated outside of these limits (minimum/maximum), the device’s operation is no longer guaranteed to meet 
the data sheet parameters. Operation beyond the absolute maximum ratings as just described can result in catastrophic 
failures. 











TEXAS INSTRUMENTS 179 


INCORPORATED 


POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265 





180 


GLOSSARY/TIMING CONVENTIONS/DATA SHEET STRUCTURE 





The next section provides a table of e/ectrical characteristics over full ranges of recommended operating conditions 
(e.g., input and output currents, output voltages, etc.). These are presented as minimum, typical, and maximum values. 
Typical values are representative of operation at an ambient temperature of TA = 25°C with all power supply voltages 
at nominal value. Next, input and output capacitances are presented. Each pin has a capacitance (whether an input, an 
output, or control pin). Minimum capacitances are not given, as the typical and maximum values are the most crucial. 


The next few tables involve the device timing characteristics. The parameters are presented as minimum, typical (or 
nominal), and maximum. The timing requirements over recommended supply voltage range and operating free-air 
temperature indicate the device control requirements such as hold times, setup times, and transition times. These values 
are referenced to the relative positioning of signals on the timing diagrams, which follow. The switching characteristics 
over recommended supply voltage range are device performance characteristics inherent to device operation once the 
inputs are applied. These parameters are guaranteed for the test conditions given. The interrelationship of the timing 
requirements to the switching characteristics is illustrated in timing diagrams for each type of memory cycle (e.g., 
read, write, program). 


At the end of a data sheet additional applications information may be provided such as how to use the device, graphs 
of electrical characteristics, or other data on electrical characteristics. 
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1.0 


2.0 


LOGIC SYMBOLS 


EXPLANATION OF NEW LOGIC SYMBOLS 
FOR MEMORIES 


INTRODUCTION 


The International Electrotechnical Commission (IEC) has been developing a very powerful symbolic language that can 
show the relationship of each input of a digital logic circuit to each output without showing explicitly the internal 
logic. At the heart of the system is dependency notation, which will be partially explained below. 


The system was introduced in the USA in a rudimentary form in IEEE/ANSI Standard Y32.14-1973. Lacking at that 
time a complete development of dependency notation, it offered little more than a substitution of rectangular shapes 
for the familiar distinctive shapes for representing the basic functions of AND, OR, negation, etc. This ts no longer 
the case. 


internationally, Working Group 2 of IEC Technical Committee TC-3 is preparing a new document (Publication 617-12) 
that will consolidate the original work started in the mid 1960’s and published in 1972 (Publication 117-15) and the 
amendments and supplements that have followed. Similarly for the USA, IEEE Committee SCC 11.9 is revising the 
publication IEEE Std 91/ANSI Y32.14. Texas Instruments is participating in the work of both organizations and this 
1980 Edition of the MOS Memory Data Book introduces new logic symbols in anticipation of the new standards. When 
changes are made as the standards develop, future editions of this book will take those changes into account. 
Unfortunately, time and publication schedules have prevented the preparation of symbols for all the devices. This work 
will continue. 


The following explanation of the new symbolic language is necessarily brief and greatly condensed from what the 
standards publications will finally contain. This is not intended to be sufficient for those people who will be developing 
symbols for new devices. It is primarily intended to make possible the understanding of the symbols used in this book. 


EXPLANATION OF A TYPICAL SYMBOL 


The TMS 2114 symbol will be explained in detail. This symbol includes almost all the features found in the others. 
Section 3.0, Diagramatic Summary, should be referred to while reading this explanation. 


By convention all input lines are located on the left and output lines are 
located on the right. When an exception is made, an arrowhead shows reverse 
signal flow. The input/output lines (DQ1 through DO4) illustrate this. 


TMS 2114 


The polarity indicator (x indicates that the external low level causes the 
internal 1 state (the active state) at an input or that the internal 1 state causes 
the external low level at an output. The effect is similar to specifying positive 
logic and using the negation symbol o . 


The rest of this discussion concerns features inside the symbol outline. The 
address inputs are arranged in the order of their assigned binary weights and 
the range of the addresses are shown as A-1 where m is the decimal equivalent 
of the lowest address and n is the highest. The inputs and outputs affected by 
these addresses are designated by the letter A. 


The letter Z followed by a number is used to transfer a signal from one point 


the left side of the symbol in order to form an input/output port. The A 
means the output comes from the storage location selected by the address 
inputs. 


The V symbol designates a three-state output. Three-state outputs will always 
be controlled by an EN function. When EN stands at its internal 1 state, the 
outputs are enabled. When EN stands at its internal O state, the three-state 
outputs stand at their high-impedance states. 








TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @® DALLAS, TEXAS 75265 


in a symbol to another. Here the signal at output A,Z3 transfers to the 3 at 


183 

















LOGIC SYMBOLS 





Since the boxes associated with DO2, DO3, and DO4 have no internal qualifying symbols, it is to be understood that 
these boxes are identical to the box associated with DQ1. 


Any D input is associated with storage. Whatever internal state is taken on by the D input is stored. The letter A (in 
A,Z3) indicates that the state of the D input will be stored in a cell selected by the A inputs. If the D input is disabled, 
the storage element retains its content. 


Various types of relationships between ports can be indicated by what is called dependency notation. A letter indicating 
the type of dependency (e.g., C, G, Z) is placed at the affecting input (or output) and this is followed by a number. 
Each affected input (or output) is labeled with that same number. The Z symbol explained above is one form of 
dependency notation. Several other types of dependency have been defined but their use has not been anticipated in 
this book. 


The numeral 2 at the D input indicates that the D input is affected by another input, in this case a C input {i.e., 1C2). 
When a C input stands at its internal 1 state, it enables the affected D input(s). When the C input stands at its internal 


O state, it disables the D input(s) so that it (they) can no longer alter the contents of the storage element(s). 
The C input is itself affected by another input. The numeral 1 in front of the C shows that a dependency relationship 
exists with a G input. The letter G indicates an AND relationship. When a G input stands at its internal 1 state (low in 


this case), the affected inputs (EN and C2 here) are enabled. When the G input stands at its internal O state, it imposes 
the O state on the affected inputs. 


Pin 10 has two functions. Its function as a C input has just been explained. Note that for the C input function to stand 
at its 1 state, pin 10 must be low and pin 8 must also be low. The other function of pin 10 is as an EN input. This 
controls the 3-state outputs. This EN input is also affected by the AND relationship with pin 8 so for the EN function 
to stand at its internal 1 state (enabling the outputs), pin 10 must be high and pin 8 must be low. 


Labels within square brackets are merely supplementary and should be self-explanatory. 


¢ 


If you have questions on this Explanation of New Logic Symbols, please contact: 


F.A.Mann MS84 

Texas Instruments Incorporated 
P.O. Box 225012 

Dallas, Texas 75265 

Telephone (214) 238-3746 


IEEE Standards may be purchased from: 
Institute of Electrical and Electronics Engineers, Inc. 
345 East 47th Street 
New York, N.Y. 10017 

International Electrotechnical Commission (IEC) publications may be purchased from: 
American National Standards Institute, !nc. 


1430 Broadway 


New York, N.Y. 10018 
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DIAGRAMATIC SUMMARY 


INPUTS G (AND) DEPENDENCY 


Active H (high) | 

Active L (low) a G5 a 3 
b 5 b 

Active on L-to-H transition 

Active on H-to-L transition 


MII 





C (CONTROL) DEPENDENCY 





INPUT/OUTPUT [STORAGE] 


a . a C2 a 
eel cea b 2D b 


OUTPUTS 


Z (INTERCONNECTION) DEPENDENCY 
Active om Pee ae ots ot 
Active low* a 4 Z4 
3-State 5 25 | 
Open-Circuit (L-type) T eee eee 
Open-Circuit (H ee 


COMMON CONTROL BLOCK 





* The active-low indicator may be used in combination with the 3- 


a state and open-circuit indicators. 
t L-types include N-channel open-drain and P-channel open-source 
outputs. 
+ H-types include P-channe! open-drain and N-channel open-source 
b outputs. 
c— 
d 
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few Internal MaitCode| | | | | |_| 
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cal EE 


Office Telephone 


1 [] Your principal job function (Insert code) 2 [] Please estimate (Insert letter) 


The number. of electronic engineers at this address 
(A) 1 - 19, (B) 20 - 49, (C) 50 - 99, (D) 100 - 249 
(E) 250 - 299, (F) OVER 500 


1. General and Corporate Management 

2. Design and Development Engineering (circuits, 
components, equipment systems) 

3 Engineering Services (evaluation, quality con- 
trol, reliability, standards, test) | 













6 Plant 


ERE 


A 
B. 
D 
T 
E 
F 
H 
J 
G 
K 
L 
M 
Q 


O2Z2rAZONecINAMAVOWPY 


Your own work 
The primary andend Sodda (or service - 
performed) at your plant, and the pro- 

duce (or service) that is your own work. 
(Insert: code in each box even if the 
same.) | 
large computers 

Mini-Computers . 

Computer Peripheral Equipment 
Data Processing Systems (Systems Integration) 
Office and Business Machines 

Test, Measurement and Instrumentation Equipment 

Communications Systems and Equipment 
Navigation and Guidance Systems and Equipment 
Consumer Entertainment Electronic Equipment 


~ Consumer Electronic Appliances 


4. Basic Research Do you specify or buy through distributors? Other Consumer Electronics 
5 Manufacturing and Production cl YES c NO Industrial Controls, Systems and Equipment 
6 — Engineering Assistants (draftsman, lab assistant, Components and Sub Assemblies 
technician) Materials and Hardware 
7 Purchasing and Procurement Will you we using microprocessors in your designs? Aircraft, Missiles, Space and Ground Support Equip- 
8 Marketing including Sales : ment 
9 Other Personne! (explain) YES 1 NO Oceanography and Support Equipment 








MOS Memory Components 
Memory Systems 
Both 


5 AREA OF INTEREST (CHECK ONE) 


IF il. OR WILLIS CHECKED, PLEASE ANSWER: 


TYPE OF SYSTEM YOU‘RE NOW DO YOU CONSIDER YOURSELF... 


MANUFACTURING/USING? 


Large Mfgr/User? 

(500-1000 Systems/Year) 
Medium Mfgr/User? 

(50-500 Systems/Year) 
Small Mfgr/User? 

(Less than 50 Systems/Y ear) 


©. Chip Level Microprocessor 
(Board Level Microprocessor 
CO]. UNIBUS* System 

1 Other 





* Trademark of Digital Equipment Corporation 


aie tg) 
[aaa | 


Medical Electronics 
Industrial Companies within the OEM incorporating 


Electronic Equipment in their end product, not else- 


where classified. 

Independent Research, Test and Design Laboratory 
and Consultant (Only if. you-are not: connected with 
a manufacturing company.) 

Government Agency and Military 

Commercial Users of Electronic Equipment. ~ 
industrial Companies using and/or incorporating any 
Electronic products in their. manufacturing, research 
or development activities. — 
Distributor 

School, University or Library 

Other fexplay) : . 





1179 


LCC 4782 MMO080 
74614—10—CGI Printed in U.S.A. 


